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Abstract 
 
In Australia, in areas such as peri-urban Western Sydney, farm dams are numerous in 
the agricultural landscape. These constructed aquatic habitats are mostly built for the 
purposes of irrigation and/or watering livestock but they also inadvertently play a dual 
role as they are often important habitats for wetland biodiversity. Whilst legislation 
pertaining to farm dams is aimed predominantly at regulating water usage, there is 
very little recognition of their potential as a biodiversity conservation tool. The 
agricultural lands in peri-urban Western-Sydney are rapidly urbanising to 
accommodate the increasing human population of the expanding city of Sydney. 
Coincidently, the farm dams of the area are being removed. This study compared the 
biodiversity of birds, frogs and macroinvertebrates of farm dams of this area with 
urban wetlands in Western Sydney to determine the loss of fauna that occurred with 
the removal of these farm dams for urbanisation. The biodiversity of farm dams was 
also compared with natural wetlands of the area to determine how effective farm dams 
are at supporting wetland organisms. The study determined that there was a similar 
abundance and diversity of frogs and macroinvertebrates in natural wetlands and farm 
dams but farm dams supported different assemblages of species. This indicated that 
while farm dams are important for aquatic biodiversity they do not replace natural 
wetlands for some species. In urban wetlands, frogs and macroinvertebrates were 
negatively affected while birds increased in abundance and diversity in urban 
wetlands when compared to farm dams; however, this was in part due to the resilient 
species that thrive in urban environs. Farm dams and urban wetlands did not; however, 
support similar species assemblages. This study demonstrated that farm dams are 
important in maintaining biodiversity and despite not replacing natural wetlands for 
some species; they maintained a similar diversity and abundance of all fauna groups 
investigated although not all species. With urbanisation and the removal of farm dams 
some species that utilise farm dams may be lost exacerbating the loss that has already 
occurred with the loss of natural wetlands due to the development of agriculture.   
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1. Introduction  
 
 
1.1 Natural wetlands – their importance for biodiversity, their loss and the decline of wetland 
dependent organisms 
 
Wetlands are unique ecosystems that are rich in biodiversity (Millennium Ecosystem 
Assessment, 2005) and despite covering an area of only 0.01% of the globe’s surface they are 
habitat for a total of 125,531 known freshwater species. This represents 9.50% of all known 
recorded species (Balian et al. 2008). As a consequence, wetlands are often termed ecological 
supermarkets because of their extensive food webs (Mitsch and Gooselink, 2007) and for the 
ecological services they provide which includes water quality improvement, flood abatement 
and sequestration of carbon (Clarkson et al. 2013). Despite these aquatic environments being 
important habitats for a disproportionately large number of species, it is also one of the most 
threatened ecosystems in the world (Sala et al. 2000). The losses of wetlands have surpassed 
that of any other habitat (Millennium Ecosystem Assessment, 2005). However, an accurate 
estimate of the loss of wetlands across the globe is unknown because there is no finite 
definition for a wetland nor are there uniform methods applied when quantifying wetland loss 
or extent. Estimates that do exist are, therefore, not always comparable (Finlayson, 2012). 
Due to this, the estimation of a 50.00% loss globally cannot be considered an accurate 
estimate of wetland loss (Millennium Ecosystem Assessment, 2005). In countries, for 
example, such as South America, Africa and Russia, the actual extent of wetlands is unknown 
and thus so is the actual loss of them. Some specific studies; however, do reflect the losses 
that wetlands have experienced. For example, in Florida, United States of America [USA], a 
26.00% loss of wetlands has been attributable to urbanisation (McCauley et al. 2012) and also 
in the Prairie Pothole Region of the Beaverhill Watershed (Alberta, Canada), 242 wetlands 
totalling 71 hectares were reported to have been destroyed between 1999-2009 alone and this 
was due to a combination of urbanisation, industrial and agricultural land uses (Clare and 
Creed, 2014). Johnston (2013) also found a decrease of 0.30% annually of wetlands in the 
Prairie Pothole Region of the North and South Dakota Region [USA]. In Virginia [USA], 
between 1985-2009 there was a 15.40% loss in wetlands 
attributable to agriculture and silviculture (Kayastha et al. 2012). 
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Between 2000-2008, the wetland loss in China was 33.00% (Niu et al. 2012) and at a more 
regional level, in the Jiangsu Region [China], coastal wetlands are being removed for 
urbanisation (Li et al. 2014). Losses in Europe have been estimated to be 80.00% (Verhoeven 
et al. 2014).  
 
Due to the rapid loss of wetlands, the freshwater biodiversity that is associated with these 
habitats has also subsequently declined, more so than their terrestrial counterparts. For 
example, in a comparison of six wetland biota groups (i.e. mammals, reptiles, amphibians, 
fishes, crabs, crayfish) Collen et al. (2014) reported that freshwater vertebrates and decapods 
are experiencing the most significant threats. Of the World’s 1138 described waterbird 
species, 41.00% of their populations are in decline with 964 species are either extinct or 
globally threatened. Of the amphibians, 964 that rely on freshwater wetlands are also 
threatened with extinction with 43.00% of their populations in decline (Millennium 
Ecosystem Assessment, 2005). Estimates of macroinvertebrate loss are more problematic 
than vertebrate taxa. This is because they are less well known with less than 80.00% of the 
majority of this taxon (i.e. molluscs, insects, crustaceans and arachnids) yet to be formally 
analysed (IUCN 2014). Despite the lack of data on invertebrates, the IUCN Red List (2014) 
recorded 275 species of crustaceans and 420 freshwater molluscs as globally threatened. 
Other sources also highlight the decline of wetland dependent biota including those outlined 
in the Living Planet Index (Loh et al. 2005) and the 2010 Biodiversity Indicators Partnership 
Assessment (Butchart et al. 2010).  
 
1.2 The construction of farm dams with agriculture and their potential as habitat for wetland 
dependent organisms 
 
Although numerous natural wetlands have been removed from the landscape, partly 
attributable to agriculture, such changes in land use have also been accompanied by the 
creation of new habitat for biodiversity. The construction of farm dams in agricultural 
landscapes is one such habitat (Hazell et al. 2001). These constructed habitats generally have 
been created to supply water for irrigation and/or to water livestock (Lewis, 2002); however, 
inadvertently, they play a role in biodiversity conservation (Casas et al. 2012).
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 The construction of farm dams has been so numerous that they have become a common 
feature of the farming landscape and cover an estimated 77,000 km
2 
across the Globe 
(Downing et al.  2006; Downing and Duarte, 2009). In addition, their construction is evident 
across many regions of the world. In China, between 1978-2008 farm dams increased by 
122.00% (e.g. Niu et al. 2009). Continued construction of farm dams has also been reported 
in countries such as the USA (e.g., Minnesota; Knuston et al. 2004) and throughout Europe 
(e.g., Spain; Fuentes-Rodriguez, 2013) where they outnumber larger waterbodies at a ratio of 
100:1 (Oertli et al. 2005).  
 
Farm dams have been considered valuable for biodiversity conservation (Hazell et al. 2001; 
2004; Gagne and Fahrig, 2007; MacNally et al. 2009; Thiere et al. 2009; Usio and Negishi, 
2014) because they may act as surrogates for natural habitat for some species (Elphick, 2000; 
Lawler 2001). Casas et al. (2012); however, suggested that they do not effectively replace 
natural wetlands and, more accurately, they should be considered more as complimentary 
habitat for those species with equivalent habitat needs. The construction of farm dams; 
however, provides a wider range of resources than simply natural wetlands alone. Their 
higher abundance provides a readily available habitat (Casas et al. 2012) which can be 
advantageous to those species that have the adaptations to utilise these constructed habitats 
(Tyler and Watson, 1998). This has been demonstrated by studies that have demonstrated that 
farm dams are beneficial for a range of taxa. For example, many studies have demonstrated 
that frogs utilise farm dams in the USA (Knuston et al. 2004), Canada (Gagne and Fahrig, 
2007), Spain (Casas et al. 2012), and France (Jeliazkov et al. 2014). These habitats may be 
important for sustaining breeding populations of resident frogs (Curado et al. 2011; Knuston 
et al. 2004). Even rare species, such as the growling grass frog Litoria raniformis, have been 
recorded to breed in farm dams in Australia (Hamer and Organ, 2011).  
 
As with amphibians, birds also use farm dams as habitat. This has been recorded in regions 
such as Western Cape of South Africa (Froneman et al. 2001), Taiwan (Fang et al. 2009), 
China (Ma et al. 2004), and Spain (Kloskowski et al.  2009; Moreno-Mateo et al.  2009; 
Sebastian-Gonzalez et al.  2010). The presence of these habitats has also been reported to 
have increased populations of threatened species, for example, the near threatened continental 
European godwit Limosa limosa limosa (Marquez-Ferrando et al. 2014). 
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As with the patterns shown for birds and amphibians, macroinvertebrates have also benefited 
from farm dams, for example in Europe (Ruggerio et al. 2008; Cereghino et al. 2008) and 
Sweden (Thiere et al. 2009).   
 
Farm dams may present different habitat to natural wetlands and, therefore, those species that 
benefit from their construction are taxa that have a wider range of habitat preferences than 
those that occur only in natural wetlands (Sebastian-Gonzalez et al. 2010; Toral and 
Figuerola, 2010). Farm dams are smaller in size than natural wetlands (Casas et al. 2012) and, 
therefore, natural wetlands have a higher habitat heterogeneity and are able to support a 
broader range of species than farm dams (Froneman et al. 2001; Paracuellos and Telleria, 
2004). For example, those species that require large, open aquatic areas to forage would find 
farm dam’s unsuitable habitat and, in the absence of larger wetlands, such area-dependent 
species may ultimately disappear (Paracuellos, 2006). However, there is debate over the 
importance of several smaller wetlands in the landscape rather than a single larger one that 
potentially supports similar biodiversity (Ma et al. 2010). The importance of farm dams as 
habitat cannot, therefore, be discounted. 
 
Despite being smaller in size, farm dams are generally deeper than natural wetlands. 
However, because of their morphology, water depth restricts the accessibility for many 
animals to these habitats. For example, wading birds will not utilise water that is deeper than 
their tarsometatarsus (Darnell and Smith, 2004) and birds with shorter necks (Poysa, 1983) 
are restricted to foraging in shallow wetlands as deeper water will not allow them to forage 
effectively (Ma et al. 2010). However, some birds are able to take advantage of the increased 
availability of these deeper habitats. For example, diving waterbirds are restricted to deeper 
habitats that allow them to dive in order to forage (Ma et al. 2010). Grounds frogs 
(metamorphs and adults) may also be restricted to natural wetlands as they do not possess the 
ability to climb the steep sides typical of farm dams (Parris, 2006) and thus the steep banks 
may act as an impediment to their movement between the aquatic and terrestrial 
environments. Additionally, tree frogs are better able to negotiate the steep banks than ground 
frogs (Parris, 2006) and, like diving waterbirds, tend to be able to take advantage of the 
availability of farm dams which may likely have a positive effect on their population size 
(Tyler and Watson, 1998).
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The coverage of surrounding and emergent vegetation is typically lower in farm dams than 
natural wetlands (Hazell et al. 2004; Knuston et al. 2004). The presence of vegetation greatly 
influences the distribution of species in wetlands (Ma et al. 2010). This is because plants such 
as emergent and floating vegetation are used for nest building by coots and mallards and act 
as shelter for a range of species. Although, a large portion of waterbirds occupy unvegetated 
habitats where they prefer to forage, some species may take advantage of the lower 
vegetation typically present around farm dams (Sanchez-Zapata et al. 2005). Riparian 
vegetation is particularly important for the occurrence of frogs as it provides oviposition sites 
(Egan and Paton, 2004) and may act as refuge sites for tadpoles and thus provide for their 
protection from predators (Baber and Babbitt, 2004). Macroinvertebrates are also sensitive to 
the surrounding riparian vegetation. The community begins to decline with destruction of 
vegetation. Only more tolerant species will remain in the assemblage. A cover of 80.00-
90.00% is generally required to support more sensitive species (Death and Collier, 2010). 
This is probably due to the associated effects of water quality in the absence of natural 
vegetation.  
 
One of the dominant issues in the agricultural landscape is the issue of water quality. 
Surrounding pastures may impact on wetlands due to the use of pesticides which have been 
documented to cause deformities in amphibians (e.g. triphenyltin) (Yuan et al. 2011), reduce 
the macroinvertebrate signal score (Stream Invertebrate Grade Number – Average Score is a 
system that scores that macroinvertebrates present in Australian rivers) affecting all major 
groups (Egler et al. 2012) and lead to acute poisoning and/or reproductive issues in birds 
(Parsons et al. 2010). Aside from pesticide contamination, cleared pasture landscapes are also 
more conducive to sedimentation as runoff carries particles from the cleared terrestrial 
environment into waterbodies which may influence macroinvertebrate communities 
(Sutherland et al. 2012).  Sedimentation is also exacerbated by the presence of livestock as 
they drink at the farm dam edge. This causes compromised water quality because the 
livestock defecate in the water leading to increased nitrogen and phosphorous loads. 
Additionally, habitat quality is lowered through livestock uprooting fringing vegetation 
(Knuston et al. 2004). The presence of livestock around farm dams therefore has been 
negatively associated with biodiversity loss, as has been demonstrated for frogs (Jansen and 
Healey, 2003).
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1.3 The loss of farm dams with urbanisation of agricultural land and the loss of biodiversity 
 
Although farm dams have been identified to support biodiversity, many are under threat due 
to urbanisation (e.g. Fang et al. 2009). Large areas are under expanding urbanisation in every 
country across the Globe (McKinney, 2006) and global cities are expected to expand by 205 
times their current size by 2030 (Angel et al. 2005). This will result in large areas of 
agricultural lands being developed for urbanisation. In many regions of the world, such as 
India (Arha et al. 2014), China (Shi et al. 2012) and Malaysia (Elhadary et al. 2013), the peri-
urban fringes of urban centres are being developed (Fischer et al. 2012) and farm dams are 
potentially removed with these developments. Farm dams are susceptible to removal because 
they are small in size and are easily removed (Chase and Ryberg, 2004; Hasson et al. 2005). 
Furthermore, there is a lack of legislation to guide urbanisation in many countries such as, for 
example, the Water Framework Directive in Europe which excludes their removal (Cereghino 
et al. 2008). The persistence of farm dams in the landscape, therefore, essentially relies on the 
continuation of agricultural land use because there is no legislation regulating their removal 
and ultimately the changes in land use will cause these habitats to be destroyed (Curado et al. 
2011), particularly since there is no recognition of their habitat potential for biodiversity. 
 
Farm dam loss due to urbanisation has already been noted to occur in many regions across the 
globe. Losses have been documented in the USA (Fairchild et al.  2012), United Kingdom 
[UK] (Beebee, 1997; Boothby and Hull, 1997; Wood, 2003; Jeffries, 2012), France (Curado 
et al.  2011), and Taiwan (Fang et al.  2009; Huang et al.  2012). These losses have been 
demonstrated to have negative effects on biodiversity (e.g., birds - Fang et al. 2009; 
amphibians - Curado et al. 2011). As the landscape transitions from agricultural to urban land 
use, farm dams are typically replaced with wetlands that have been constructed for 
stormwater retention purposes to ameliorate the flooding issues associated with the increased 
area of impervious surfaces that are typical of urban areas.  
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Although urban stormwater wetlands have been recognised as effective in the support of 
biodiversity (e.g. Goonetilleke et al. 2005), for example for birds (Sparling et al.  2004; 2005), 
amphibians (Simon et al. 2009) and macroinvertebrates (Vermonden et al.  2009), farm dams 
have been documented to successfully support higher levels of biodiversity than urban 
wetlands (Gagne and Fahrig, 2007; Gledhill et al. 2008). This was reported to be because the 
pressures imposed on biodiversity in urban landscapes are more severe than those 
experienced in agricultural areas (Knuston et al. 1999; Gagne and Fahrig, 2007). Since urban 
wetlands collect stormwater runoff from roads, pavements, rooftops and other man-made 
structures they frequently have impoverished water quality (Brand et al. 2010). The range of 
pollutants include metals such as cadmium, lead and zinc from traffic emissions (Shorshani et 
al. 2014), polycylic aromatic hydrocarbons, polychlorinated biphenyls, organotins and 
volatile organic compounds (Zgheib et al. 2012). This has been demonstrated to have 
implications for biodiversity (Howitt et al. 2014), at least for frogs, particularly during the 
larval phase (Brand et al. 2010) and macroinvertebrates (Stranko et al. 2012). Birds may also 
be affected. For example, it has been observed that zinc and copper accumulated in the bodies 
of the red winged blackbird Agelaius phoeniceus nesting at urban stormwater wetlands 
(Sparling et al. 2004). 
 
Often wetlands in urban areas are embedded in green open space and used for recreational 
activities which are not as prevalent as in rural landscapes (Wood et al. 2003). Biodiversity 
may show a number of responses to human disturbance which includes avoiding use of the 
wetland. This avoidance of urban wetlands may be due to animals responding to human 
presence with an anti-predator response where there are limited areas to seek refuge 
(Rodrigues-Preito and Fernandez-Juricic, 2005). Because they are often used for recreation, 
urban wetlands may be landscaped with surrounding lawn that can increase predation rates. 
For example, this has been demonstrated for frogs (Ferraro and Burgin, 1993) and the house 
sparrow Passer domesticus (Seress et al. 2011). Rates of predation are also exacerbated by 
the presence of domestic cats Felis felis which are in higher abundance in urban than in rural 
areas (Baker et al. 2005) which prey on native animals (van Heezik et al. 2010). 
Accompanied with the loss of natural vegetation is an increase in roads and other barriers to 
movement in urban areas lowers the movement success of low-dispersive animals and leads 
to mortality in frogs (Beebee, 2013) and birds (Kociolek et al. 2011) as the attempt to move 
within the landscape.   
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1.4 The loss of natural wetlands in Australia 
 
Australia has lost a substantial proportion of its wetlands (Finlayson and Rea, 1999); 
however, the estimated loss of Australia’s wetlands remains unknown as there is no national 
inventory to quantify such changes in wetland abundance (Finlayson et al. 2013). Significant 
losses have been noted to have occurred in some regions. For example, historical records 
demonstrate significant wetland losses on the Swan Coastal Plain (Halse, 1988), coastal New 
South Wales [NSW] (Goodrick, 1970), South-Eastern South Australia (Jones, 1978), and the 
Murray area of South-Eastern Australia (Pressey, 1986). More recent losses have been 
reported in the Murrumbidgee Region (Kingsford and Thomas, 2004), Southern Region of 
Western Australia (Davis and Froend, 1999), and the New England Tablelands (Brock et al.  
1999). Many of the wetlands that remain continue to be degraded (Davis et al. 2010) due to 
nutrient enrichment, salinisation, heavy metal pollution, invasions of exotic species, 
destruction of fringing vegetation, and the alteration of hydrological regimes (Finlayson and 
Rea, 1999; Davis and Froend, 1999). Kingsford (2000) noted that there had been marked 
degradation of the wetlands of the Moira (Murray River), Gwydir and Macquarie Marshes 
(Macquarie River) and those wetlands on the Chowilla Floodplain (Murray River). As has 
occurred elsewhere in the world, as a result of natural habitat loss and degradation, numerous 
wetland dependent organisms have declined in abundance in Australia. These include 
waterbirds (Kingsford, 2006; Smith, 2011), shorebirds (Nebel et al.  
2008) and frogs (Hazell et al. 2003). 
 
1.5 Agriculture and the construction of farm dams in Australia 
 
Unlike those patterns exhibited in other regions of the world (e.g. Niu et al. 2009; Fang et al. 
2009), with the expansion of agriculture, numerous constructed farm dams have been built in 
Australia, particularly in the South-Eastern regions of the country (Lewis, 2002). As a result, 
Australia has the highest water storage per capita of any country worldwide (Wasson 1996; 
Lewis et al. 1999; Lewis, 2001). Farm dams make a substantial contribution to this storage 
capacity (Lewis, 2002). A major reason for the large number of farm dams in Australia is 
because agricultural lands encompass approximately 60.00% of landcover (EWHA, 2010). It 
is also the most arid inhabited continent with a climate that characteristically of long-lasting 
drought and erratic rainfall (EWHA, 2010). 
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Farm dams are, therefore, important in order to secure water for farming activities, 
particularly when alternative sources of water are scarce (Lutton et al. 2010; Brock et al. 
1999). Historically, farm dams were constructed at the discretion of the landholder with 
effectively no consideration of their broader impacts (e.g., river flow, biodiversity). While the 
potential to impact on environmental flows in catchment and rivers has now been recognised, 
the role they play in the maintenance of biodiversity remains largely ignored, although their 
contribution may be significant, especially in areas where limited natural aquatic habitat 
remains intact (Brainwood and Burgin, 2009).  
 
1.6 Australian studies of farm dams as biodiversity habitat 
 
In Australia, farm dams have been reported to be advantageous for biodiversity. For example, 
in the Shoalhaven [NSW] Hazell et al. (2001; 2004) found that there was no significant 
difference between frog abundance in natural wetlands and farm dams. Not all species; 
however, occurred in both farm dams and natural wetlands. Species such as the spotted marsh 
frog Limnodynastes tasmaniensis and the smooth toadlet Uperolia laevigata occurred mostly 
in farm dams whereas the Peron’s tree frog Litoria peronii preferred natural wetlands. Also in 
NSW, Hawkeswood (2006) did not compare farm dams to natural or urban wetlands, but 
made observations on frogs using farm dams on private property in Canoelands. These farm 
dams were habitat for six frog species and the potential for their removal for recreational 
development may have affected the survival of these frog species. On the peri-urban outskirts 
of Melbourne, in Pakenham, Hamer and Organ (2011) reported that Lit. raniformis used farm 
dams as habitat, and this habitat was considered significant for the persistence of Lit. 
raniformis populations in the peri-urban areas of the Region.  
 
In Australia, the use of farm dams by birds has received limited attention compared to 
elsewhere in the world and compared to frogs within Australia (e.g. Froneman et al. 2001, 
Czech and Parsons, 2002, Ma et al. 2004; Kloskowski et al. 2009). Kingsford (1992) 
undertook a study in Taralga on the Southern Tablelands (NSW) and found that the presence 
of numerous farm dams were advantageous to populations of the Australia wood duck 
Chenonetta jubata. Chenonetta jubata appeared to prefer the available farm dam habitat to 
the natural surrounding creek habitat. 
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Kingsford (1992) suggested that because farm dams provided readily available resources in 
the landscape, this species took advantage of them and were able to thrive due to the increase 
in habitat afforded by farm dams. Another less recent study in the Namoi Valley [NSW] 
reported on the use of larger artificial wetlands by birds (Broome and Jarman, 1982). Other 
studies in Australia have not concentrated on farm dams but provided information about the 
habitat use by wetland dependent birds in urban wetlands (Murray 2013 a), sewage treatment 
ponds (Murray et al.  2013 b) and rice paddies (Taylor and Schultz, 2010).  
 
The use of farm dams by macroinvertebrates has had more research in Australia than birds. In 
an investigation of the occurrence of macroinvertebrates in farm dams at Raglan and Cadia 
on the Central Tablelands [NSW], Brainwood and Burgin (2009) found that farm dams had a 
higher mean diversity and total diversity compared to local streams. In the Glenelg-Hopkins 
Catchment of Victoria [VIC] natural perennial and seasonal wetlands embedded in 
agricultural landscapes were investigated for their contribution to macroinvertebrate 
biodiversity. The findings of the study suggested that these wetlands were important in the 
landscape even when they were managed for purposes other than biodiversity. Even though 
these wetlands were utilised for grazing livestock, the macroinvertebrate biodiversity was 
similar to non-pasture wetlands. This indicated that these wetlands were important as a 
conservation tool for macroinvertebrates. In Central VIC, surveys of the macroinvertebrate 
communities of wetlands embedded in natural and agricultural landscapes found that there 
was no significant difference between the different land uses (Lake et al. 2010). Markwell 
and Fellows (2008) found that farm dams in the Stanley Catchment of Queensland [QLD] 
were capable of supporting macroinvertebrates and many of those recorded in farm dams 
were also recorded in nearby streams; however, farm dams had a somewhat less rich fauna 
than streams.  
 
1.7 Urbanisation of Sydney and potential loss of farm dams 
 
Due to the projected population increase from 22.7 million in 2012 to between 36.8 and 48.3 
by 2061 in Australia (ABS, 2013), it is predicted that agricultural land on the peri-urban 
fringes of cities will continue to be urbanised as the population expands. However, these 
areas are already subject to urban expansion (Butt, 2011). 
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Despite some evidence that farm dams may potentially act as an effective conservation tool 
for wetland dependent biota, this is generally yet to be recognised in Australia and the 
expansion of urbanisation poses a threat to the existence of these wetlands. As a result, they 
are generally omitted from legislation across Australia. Tasmania has been the exception. In 
that State, farm dams are acknowledged as habitat for biota (DPIPWE, 2009). More 
generally; however, farm dam regulation appears to be based on surface water harvesting 
and, at least in NSW, any potential that they have as habitat has apparently been ignored. 
Potentially, because of a lack of acknowledgement of the importance of farm dams for 
biodiversity under Australian legislation, there is no impediment to the removal of farm dams 
from the landscape. This is because their removal is largely unregulated. Appropriate 
legislation (e.g. Threatened Species Act, 1995 and the Environmental Protection and 
Biodiversity Conservation Act 1999) may; however, be invoked if threatened species are 
identified on the lands proposed for development. However, despite this caveat, Wotherspoon 
and Burgin (2010) reported that this does not always preclude an area from being approved 
for development.  
 
Sydney is a rapidly expanding Region. Specifically, in North-Western Sydney, by 2031, 
approximately 140,000 new homes are planned for construction. As urbanisation continues to 
account for this development, more land will be required on Sydney’s urban fringe (Planning 
and Infrastructure, undated a) and, as a result, agricultural land and other green spaces will be 
developed for urbanisation (Recher, 2010) with the potential removal of associated farm 
dams. This may potentially have negative effects on the biodiversity that utilise these habitats 
as has been demonstrated in Taiwan (Fang et al. 2009).  
 
1.8 The current project 
 
The current project is focused on changes in biodiversity due to the removal of farm dams in 
peri-urban Western Sydney. This will enable an insight into the potential biodiversity loss of 
an urbanising landscape where farm dams may potentially be removed, particularly in the 
absence of any legislative framework to protect them from infilling. The study focuses on the 
potential loss of biodiversity from farm dams of amphibians, macro-invertebrates and birds, 
the three major taxa in enclosed wetlands of the Region. 
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Chapter 1 introduces the topic.  
Chapter 2 is a description of the study area.  
Chapter 3 presents a synthesis on the current legislative framework in Australia that pertains 
to farm dams and urban development. This chapter also includes an analysis of the abundance 
of farm dams, urban wetlands and natural wetlands in Western Sydney using Geographical 
Information System analysis. This allows for an insight into the changes in the wetland 
mosaic as land use transitions from natural to agricultural and then as it is urbanised. Nearest 
neighbour distance between wetlands is also analysed to display the role farm dams play in 
connecting aquatic landscapes for biodiversity.  
Chapter 4 considers the amphibian biodiversity loss when farm dams are removed from the 
landscape. This chapter investigates the frog populations in natural wetlands to allow data to 
be collected on the pre-agricultural levels of frog diversity in order to gain information about 
the frogs that would have occurred naturally in the area. Farm dams were sampled in order to 
compare the pre-agricultural data of frogs and to determine the similarity or differences of the 
abundance, diversity and assemblages of frogs in these habitats with natural wetlands. Lastly, 
urban wetlands were investigated to determine the potential loss of frog biodiversity as the 
landscape is urbanised. Chemical water quality and physical habitat parameters of the 
different wetland types were considered in association with the distribution of these taxa.  
Chapter 5 investigates macroinvertebrate biodiversity loss when farm dams are removed from 
the landscape focusing on the same attributes as were used for amphibians. 
Chapter 6 reviews the bird biodiversity loss when farm dams are removed from the landscape 
focusing on the same attributes as used to investigate amphibians and macroinvertebrates.  
Chapter 7 investigates the importance of unique species in natural wetlands, farm dams and 
urban wetlands and the common species that natural wetlands or urban wetlands share with 
farm dams. Concluding remarks are included in this chapter. 
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2. Site description of Western Sydney  
 
2.1 Western Sydney’s expanding population 
 
There are going to be approximately 770,000 new urban residences that will be built in 
Sydney by 2036. This is a 46.00 % increase on the existing 1.68 million homes in the Region. 
Since the release of the ‘City of Cities’ (2005) (Department of Planning, 2005) document 
there has been 93,000 domestic dwellings added to Sydney with such expansion expected to 
continue. Between 2005 and 2036, approximately 23.00 % of new urban dwellings for 
Sydney are planned for North-Western Sydney. The majority of the land required for this 
expansion is currently utilised for agriculture and by 2031 approximately 140,000 urban 
dwellings will be constructed in the area (Planning and Infrastructure, undated). This 
development will also encroach on the Region’s natural environment (Planning and 
Infrastructure, undated; Recher, 2010), an area where there has already been substantial urban 
development that has had an impact on biodiversity. 
 
2.2. Description of Western Sydney 
 
Three local government areas of Western Sydney, Blacktown (-33.769444
0
, 150.908375
0
), 
Penrith (-33.752176
0
, 150.698090
0
) and Hawkesbury (-33.594889
0
, 150.751476
0
) (Figure 
2.1), were sampled as the basis for this study. These are three local government areas that are 
currently undergoing rapid urbanisation. However, they already contain well developed urban 
areas, together with substantial areas in transition from agriculture to urbanisation, and have 
significant remnant bushland areas.
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Figure 2-1 The study area which includes the Hawkesbury, Blacktown and Penrith local 
government areas in Western Sydney Source: McKenzie, 1996 
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2.3 History of land use in Western Sydney 
 
The Western area of the Cumberland Plain, the area where the study sites are embedded, 
abuts much of peri-urban Sydney and has been farmed since European settlement (Benson 
and Howell, 1988). This is predominately due to the Region’s geological and topographic 
attributes, which were more appropriate for agriculture than the adjacent plateaus 
(Bannerman and Hazelton, 1990). Agriculture commenced in the area 1810, and thrived due 
to the fertile soils of the floodplain of the Hawkesbury-Nepean River (Burgin, 2010; Mason 
and Knowd, 2010). As a consequence, large portions of the area have been farmed (Burgin, 
2010). Due to ongoing land clearing, only small pockets of vegetation remnants now remain 
in the Region. These changes in land use resulted in the loss of most of the native vegetation 
of the Cumberland Plain, such that only approximately 13.00% remains (Tozer, 2003).  
 
 More recently, urban expansion has also been substantial across the area. With land 
subdivisions in the 1920s, tram infrastructure and train lines were developed. In the 1940’s 
urbanisation was focused around the ¼ acre (1,000 m
2
) block land - the ‘home owners 
dream’. Such development continued throughout the 20th century, with areas on the peri-
urban fringes sold as ‘farmlets’ for small scale agriculture (e.g., fruit, vegetables; Spearitt, 
1999). The areas where there was not substantial infrastructure remained predominately 
under agriculture throughout the 20
th
 century (Waterhouse, 2005). During this time, 
urbanisation within the area significantly increased and was described as ‘rolling wave’ 
across the landscape (Kelleher et al. 2001). This demand for urbanisation had a substantial 
impact on the agriculture lands of the area. During this phase of development of the Region, 
immigrants often acquired land for farming and, as the area became more closely settled, they 
realised the financial benefits by subdividing and/or selling their property and often they 
purchased other farming property adjacent to the peri-urban fringe. A switch in emphasis on 
agriculture was evident in the 1980’s when agricultural land was considered ‘land awaiting 
development’ (Gillespie and Mason, 2003). By the 1990s it was popular to obtain small rural 
blocks for lifestyle living (Sinclair, 2001); however, the increased demand for land resulted in 
the number of lots/1000 m
2
 in Sydney increasing from four to eight. By 2011 the population 
of Western Sydney was 2.02 million, which was an increase of 1.60% of the current 
population. 
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By 2036, it is estimated that the population will reach 2.96 million and this growth is 
planned to be concentrated in the North-Western growth sectors (NSW Government –
 Premier and Cabinet, undated). 
 
2.4 Local climate of Western Sydney 
 
North-Western Sydney, the study area, has a temperate climate (BOM, 2013 a). 
However, it is one of the driest areas of Sydney with warm summers and no distinct 
dry season. The temperature range is from around an annual mean minimum of 22
o
C 
to a mean maximum of 25.9
o
C (BOM, 2013 b). The mean annual rainfall of 813 mm 
(BOM, 2013 a) is distributed relatively evenly across the year although spring is the 
driest season.  
 
2.4 The wetlands of the study area 
 
The wetlands sampled were located in urban, agricultural, and natural landscapes. 
Those wetlands in urban landscapes were typically constructed to ameliorate 
stormwater issues due to the increases in impervious surfaces that accompany 
urbanisation. Urban wetlands also provide recreational amenities, and provide 
aesthetics for local residents.  
 
Farm dams in agricultural landscapes were constructed for either watering stock or 
crops; however, stock watering was the predominant use of the wetlands in the study 
area. Wetlands were also sampled in remnant natural landscapes. These wetlands 
were surrounded by predominantly natural vegetation and were embedded in nature 
reserves. 
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Figure 2-2 The location of the natural wetlands in Western Sydney including Nurrungingy 
Reserve, Mulgoa Reserve (Penrith), Castlereagh Reserve (Penrith) and Windsor Downs 
 
 
Figure 2-3 One of the wetlands sampled in Nurrungingy reserve that represented a natural 
wetland 
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Figure 2-4 The location of the urban wetlands in Western Sydney including Ropes Crossing, 
Glenmore Park and Mount Druitt and Woodcroft 
 
 
Figure 2-5 One of the wetlands sampled in Ropes Crossing that represented an urban wetland 
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Figure 2-6 The location of the farm dams in Western Sydney including those situated in 
Richmond, Schofields and Penrith
 
Figure 2-7 One of the wetlands sampled in the Penrith area on private property that represented 
a farm dam
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3.  The legislation relating to wetlands and farm dams and 
wetland distribution in Australia 
 
3.1 The status of wetlands and their legislation 
 
3.1.1 The status of wetlands worldwide 
 
Wetlands, are defined as areas of marsh, fen, peatland or water, whether natural or artificial, 
permanent or temporary, with water that is static or flowing, fresh, brackish or salt, 
including areas of marine water, the depth of which at low tide does not exceed six metres’ 
under the Convention on Wetlands of International Importance (RAMSAR, undated). These 
aquatic habitats have the highest biodiversity of any ecosystem and provide a range of 
ecological functions that may be significant for environmental health (Mitsch and Goselink, 
1993; Gopal and Junk 2001); however, their decline in numbers is of concern (Zhang, et al. 
2010) as they are one of the fastest declining ecosystems across the globe (Balmford, et al. 
2002). Subsequently, wetlands have been considered one of the most threatened ecosystems 
worldwide (Papazoglou, 2000). A large portion of their degradation and loss has been a result 
of anthropogenic activities (Balmford, et al. 2002) including agriculture, forestry, and urban 
development (Yi et al. 1994; Spaling, 1995; Mensing, et al. 1998). However, agriculture has 
been a leading cause of their decline, together with the degradation of aquatic environments 
more generally (Zhou, et al. 2009; Blake, et al. 2010). The decline and degradation of these 
ecosystems has been concentrated in developing countries (Huang, et al. 2010).  
 
Although agriculture has led to the decline of natural wetlands, this land use has also resulted 
in the construction of artificial wetlands such as farm dams. Farm dams, or ponds as they are 
known outside of Australia, are defined as small standing waterbodies that hold freshwater 
and range from 1 m
2
 to less than 5 ha in surface area with varying depths (De Meester et al., 
2005; Oertli, et al. 2005). These constructed wetlands are predominantly utilised for grazing 
stock and irrigation (Lewis, 2002). The pattern of loss of natural wetlands, as a result of land 
use, has been evident in the pattern of China’s natural wetland loss in regions that include 
Heilongjiang (Inner Mongolia) and Jilin (Manchuria). 
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In other areas of China (e.g., Xinjang, Tibet, Qinghai), there has been an increase in the 
construction of artificial wetlands associated with increased agriculture (Gong, et al. 2010). 
Elsewhere in the world, for example in Europe, artificial wetland habitats have been 
constructed to ameliorate historic wetland loss (e.g., The Million Ponds Project; Pond 
Conservation, 2012). Global studies have indicated that many such wetlands have been 
constructed for the management of biodiversity, for example in France (Tourenq, et al. 2001), 
United States of America [USA] (Kennish, 2001) and China (Lu, 1990).  
 
In Europe, The Million Ponds Project encouraged the construction of artificial wetlands by 
providing avenues for landholders to obtain funding, education, and support for their 
construction. In addition, related activities were introduced, aimed at engaging community 
participation. These activities included The Big Dip that encouraged people to collect 
invertebrates by dip-netting and providing their records to a central database to extend 
knowledge on pond biodiversity. The Big Pond Thaw documented the incidence of dead fish 
and amphibians associated with wetlands, and the Big Spawn Count documented amphibian 
spawn. The Wales Flagship Ponds Pilot Project and the New Forest Pondscape Project 
focused on protecting pond species, for example, by the creation of ponds in the New Forest 
National Park (Pond Conservation, 2013). The Dorset Wildlife and Pond Conservation 
organisation advocated the construction of ponds across the United Kingdom [UK] landscape 
(Dorset Wildlife Trust, undated). An associated project was the Purebeck Important Ponds 
Project, carried out between 2009 and 2011. This project rebuilt many ponds that had been of 
biodiversity significance, and replaced those that had previously been removed. In this 
reconstruction process, connectivity among ponds was also restored. Subsequently, ponds 
constructed under this initiative have been surveyed for macroinvertebrate and plant 
biodiversity, and were found to contain numerous species listed in the International Union for 
the Conservation of Nature’s (IUCN) Red List of Threatened Species (IUCN, undated). This 
community-based project also supported public education on the importance of ponds and 
how to develop these habitats for biodiversity. These educational activities were achieved 
through workshops and demonstrations (Dorset Wildlife Trust, undated). 
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While such studies do not tend to focus on specific species, in other areas, ponds have been 
restored or created specifically for target species (e.g., Rannap et al. 2009). For example, 
Rannap, et al. (2009) reported on the success of pond restoration/creation in increasing 
targeted species of amphibians in Estonia. They observed that this effort also boosted overall 
amphibian diversity. Factors identified as important to the observed outcomes included the 
clustering of wetlands (i.e., connectivity among ponds), preference for natal ponds and pond 
water quality. Working within an urban context, Hamer and McDonnell (2008) also reported 
that pond construction was beneficial for amphibians. Elsewhere (e.g., UK), pond 
construction has also been shown to be beneficial to the environment, and useful in boosting 
aquatic biodiversity (Williams, et al. 2008). It was also demonstrated that even when the 
primary purpose of the reconstruction and/or management of ponds was not primarily for 
conservation; artificial wetlands may prove successful as biodiversity habitat (Cereghino, et 
al. 2008 a; Williams, et al. 2008). To date, in Australia, constructed farm-based wetlands 
have typically not specifically targeted for nature conservation. 
 
3.1.2 The status of wetlands in Australia 
 
The exact loss of Australia’s wetlands remains unknown as there is no National inventory to 
quantify such changes (Finlayson et al. 2013). Significant losses have; however, been noted 
to have occurred in particular regions. For example, in the Murrumbidgee Region (Kingsford 
and Thomas, 2004), in the South of Western Australia (Davis and Froend, 1999), and the 
New England area (Brock et al. 1999) significant wetland losses have occurred. In addition, 
Kingsford (2000) observed that there had been marked degradation of the wetlands of the 
Moira [Murray River], Gwydir and Macquarie marshes [Macquarie River] and those 
wetlands on the Chowilla floodplain [Murray River]. Other more historical studies also 
quantify wetland losses (Jones, 1978; Pressey, 1986; DCNR, 1995). For example, in 1978, 
Jones estimated that there had been an 89.00 % loss of wetlands in South Australia; while in 
1995 it was estimated that Victoria had lost 33.00 % of its wetlands (DCNR, 1995). In 1986, 
Pressy reported that 35.00 % of wetlands in the Murray Region (South-Eastern Australia) had 
been in-filled. 
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These losses have likely continued, and extant wetlands throughout Australia tend to be 
degraded due to pressures of water regulation, hydrological regime change, land use (e.g., 
agriculture, urbanisation), and contamination with pollutants (sometimes culminating in 
eutrophication or increased salinity) and invasion of exotic species (Davis and Froend, 1999; 
Davis, et al. 2010).  
 
In contrast to the loss of natural wetlands, numerous farm dams have been constructed to 
address the issue of water security for agriculture (Brock, et al. 1999; Lutton, et al. 2010). 
These dams are predominantly used for watering stock and/or for irrigation (Lewis, 2002), 
and their construction has been largely due to the increased number of smaller paddocks (cf. 
fields) required for watering stock under intensive farming practices and for increased pasture 
productivity that requires a reliable water supply (Brock et al. 1999; Hazell et al. 2004). Over 
the 20
th
 century, farm dam numbers increased substantially in Australia (Lewis et al. 1999; 
Lewis 2001). They have become a ubiquitous part of the South-Eastern Australian landscape 
where they are in highest concentration of anywhere in the country. With in excess of 2 
million farm dams across Australia, they make a substantial contribution to Australia’s water 
storage capacity (Lewis, 2002), the country with the highest water storage per capita of 
anywhere on the globe (Lewis et al. 1999; Lewis, 2001).  
 
The construction of farm dams has been widespread across New South Wales [NSW] and 
other parts of Australia. These include increases in farm dams on the New England Plateau, 
(Brock et al. 1999), the Borders River Region (Kingsford, 1999), the Murrumbidgee 
Catchment (Verstraeten and Prosser, 2008) and the Chaffey Catchment (Namoi Basin; 
Beavis, et al. 1997). Outside of NSW, farm dams have increased in number in the Perth 
Region (Western Australia) in the agricultural areas of the Upper Swan River Catchment 
(Callow and Smettem, 2009). Farm dams are also a common feature of the Victorian Box 
Ironbark area (Lada, et al. 2010). Similar trends have occurred elsewhere. In Europe, ponds 
out-number larger aquatic wetlands by 100:1 (Oertli, et al. 2005), and are one of the most 
common habitats across the landscape (Die Bie, et al. 2008). They account for up to 85.00% 
of the wetland mosaic (Gallant, et al. 2011). Worldwide there are hundreds of millions of 
ponds which dominate continental waters (Downing et al. 2006). 
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Historically, in Australia, farm dams were constructed at the discretion of the landholder with 
effectively no consideration of the broader environmental implications (e.g., river flow, 
biodiversity) of their construction on the catchment. Their potential to impact environmental 
flows in river catchments has; however, been recognised more recently, although the role that 
they play in the maintenance of biodiversity remains largely ignored. Their contribution may; 
however, be significant, especially in areas where limited natural aquatic habitat remains 
intact (Brainwood and Burgin, 2009).  
 
Despite their potential role in the maintenance of biodiversity, in peri-urban Australia, 
particularly in South-Eastern Australia where farm dams are most dense (Lewis, 2002), rapid 
urban development of greenfield (agricultural and other open space) sites (Ramsey and 
Gallegos, 2011) has resulted in the destruction of many farm dams and natural wetlands 
(Merson et al. 2010). For example, peri-urban Melbourne has been rapidly urbanised with 
decisions on land development mostly based on economic and infrastructure features, and not 
water management. Queensland’s peri-urban areas have also expanded. Issues considered in 
Queensland development applications include aesthetics, heritage, and recreation, but not 
biodiversity (LowChoy, 2008). In NSW the population is planned to increase from 4.7 
million (ABS, 2013) to approximately 6.0 million by 2036 (Planning and Infrastructure, 
undated a). A large portion of this growth is proposed for the Sydney Region. It will 
predominately occur in greenfield sites in Western Sydney, and is proposed to provide 
30.00% of the land releases for the associated demand for urban housing (Planning and 
Infrastructure, 2011). Together with other areas of Australia, an increased population in 
Sydney will result in a decline in agriculture on the peri-urban fringe (Johnson et al. 1998) 
and thus, presumably, many of the associated farm dams on these lands.  
 
Despite the already substantial transition from agricultural lands to urbanisation (Ramsey and 
Gallegos, 2011) there have been limited studies of the impact of these changes. In particular, 
the loss of farm dams and their impacts on biodiversity has been limited, although there have 
been exceptions (e.g., frogs - Hazell et al. 2004; macroinvertebrates - Markwell and Fellows, 
2008; freshwater turtles – Burgin et al. 1999; Burgin and Ryan, 2008; Rees et al. 2009). 
Johnson et al. (1998) reported that there was also a lack of environmental legislation that 
addressed directly the loss of agriculture due to the transition from greenfield development to 
urbanisation. 
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More recently, Brainwood and Burgin (2009) also reported that there was a lack of legislation 
that pertained to the loss of farm dams contained within agricultural landscapes. 
 
3.1.3 Legislation in Australia pertaining to wetlands 
 
Australia is a signatory to The Convention on Wetlands of International Importance, known 
as RAMSAR (DEWHA, 2008). This international, intergovernmental treaty aims to preserve 
the ecological integrity of wetlands listed for their national importance. To achieve its aims, 
the Convention is focused on the wise use and sustainability of wetlands within the countries 
that are signatory to the Convention (RAMSAR, undated). The key Australian Federal 
legislation that relates to environmental management and, therefore, oversees Australia’s 
obligations under this Treaty is the Environment Protection and Biodiversity Conservation 
Act, 1999 [EPBC Act]. This legislation also aims to conserve and manage flora, fauna, and 
significant ecological communities, in addition to sites of heritage significance. Under this 
legislation, developers are required to undertake specified environmental assessment prior to 
development approval where there is the potential for matters of significant environmental 
concern that may be impacted by the proposed action. Such matters include the presence of 
listed threatened species and/or ecological communities; migratory species and/or wetland 
habitats protected under international conventions. Under these instruments, farm dam 
biodiversity may be protected when listed threatened species, ecological communities and/or 
migratory species have been identified to be present (Department of Environment, 2011); 
However, overall their potential as habitat for biodiversity is not considered. In addition to 
the Federal government legislation, there is State legislation that pertains to environmental 
management that could potentially include management of artificial wetlands if the 
legislation of the specific jurisdiction encompassed them (see Table 3.1).  
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Northern Territory 
 
In the Northern Territory there is no policy that explicitly pertains to wetlands (natural or 
constructed), and there has been limited consideration of them elsewhere in the Territory’s 
legislation. The need for a Wetland Policy was; however, identified more than 15 years ago. 
In 1997, the Parks and Wildlife Commission requested that the status of the Territory’s 
wetlands be overviewed as a first step in the development of such a Policy (Storrs and 
Finlayson, 1997). No such policy is currently available. However, even without legislation, as 
with all territories and states, the Northern Territory is required to conform to international 
conventions, such as RAMSAR that Australia is a signatory of, and also with any relevant 
requirements under the Federal Government’s legislation.  
 
Western Australia 
 
The Western Australian legislation that addresses wetlands uses the definition of the 
RAMSAR Convention. It does not, therefore, explicitly mention farm dams (see RAMSAR, 
undated). Their protection under this State’s legislation is thus limited to the conventions of 
RAMSAR.  
 
Victoria 
 
In Victoria, wetlands are protected under the Environmental Protection Policy. It is the only 
State that has legislation that specifically excludes farm dams from protection. The 
justification for this lack of protection was that farm dams were predominately constructed 
for purposes other than biodiversity conservation (EPA, 2006). There was also concern that 
constructed wetlands could unnaturally alter animal communities due to their simulated 
nature (TMS, 2007).  
 
South Australia and Australian Capital Territory 
 
Under the South Australian Wetlands Strategy, artificial wetlands are assessed on a case-by-
case basis (DEH and DWLBC, 2003). However, as with the Australian Capital Territory’s 
Conservation Strategy (Table 3.1), there is also comment in the South Australian legislation 
about the negative effects of farm dams. Protection of farm dam habitat or consideration of 
their values is, therefore, limited. 
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Despite these legislative limitations, the construction of artificial wetlands may be 
encouraged to enhance biodiversity if they benefit water quality, add to environmental 
benefits and if natural wetlands are not adversely affected by their construction (DEH and 
DWLBC, 2003).  
 
New South Wales and Queensland 
 
Under New South Wales [NSW] and Queensland legislation (Table 3.1), artificial wetlands 
are included in legislation. They are recognised as additional habitat to natural wetlands 
although, as with the RAMSAR Convention, they are not considered a replacement for 
natural wetlands. It is also unlikely that legislation will be invoked to specifically protect 
farm dams from loss within an urbanising environment. This is because in Queensland, the 
Strategy for the Conservation and Management of Queensland Wetlands states that the 
purpose of the farm dam takes precedence over their benefit as habitat for their biota. The 
legislation of NSW does mention artificial wetlands although the focus is on stormwater 
wetlands with no specific mention of farm dams. Furthermore, in Central and Eastern regions 
of the State a harvestable rights licence is required if more than 10.00% of the run-off of a 
property is to be harvested while this allowance is extended to 100.00% in the Western 
Region (Office of Water, 2013). This ultimately restricts the size or number of such 
impoundments. Aside from this Regulation, there is no explicit legislation that applies to 
farm dam biodiversity in NSW (Brainwood and Burgin, 2009).   
 
Tasmania 
 
The only State of Australia that specifically mentions farm dams in legislation is Tasmania. 
The State’s Wetlands Strategy (Table 3.1) acknowledged that such wetlands may mimic the 
services of natural wetlands. The strategy also recognised that farm dams may be important 
for the survival of waterbirds and those birds may be beneficial in agricultural pest control. In 
recognition of their perceived importance, funds for education have been provided for farm 
dam management as wildlife habitat (DPIPWE, 2009).
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
42 
 
Table 3-1 The legislation pertaining to wetlands in states/territories of Australia and 
their inclusion of farm dams 
State Relevant legislation  Inclusion of farm dams References 
Australian 
Capital 
Territory 
Nature Conservation 
Strategy, 1997 
Limited - highlights negative effects of 
impoundments as detrimental to 
biodiversity 
TMS, 2007 
New South 
Wales 
The Wetlands Policy, 
1996 
Yes- constructed wetlands recognised 
as additional habitats but not 
replacement of natural wetlands 
DECCW, 2010 
Northern 
Territory 
Parks and Wildlife Act, 
2004; Fisheries Act, 2011;  
Weeds Management Act, 
2001; 
The Pastoral lands Act, 
2011; The Water Act, 
2011 
No- There is no explicit wetlands 
policy, and none which relate to farm 
dams 
NTG, undated;  
Queensland 
 
Strategy for the 
Conservation and 
Management of 
Queensland Wetlands, 
1999 
Yes - farm dams mentioned in strategy 
on management/planning but use has 
precedence over biodiversity 
conservation 
EPA, 1999 
South 
Australia 
South Australian Wetlands 
Strategy, 2003 
Limited-  recognised case-by-case but 
negative effects of farm dams are 
highlighted 
DEH and 
DWLBC, 2003 
Tasmania Tasmanian  Wetlands 
Strategy, undated 
Yes - natural wetlands take precedence 
for biodiversity conservation but farm 
dams not explicitly excluded 
DPIPWE, 2009 
Victoria State Environment 
Protection Policy (Waters 
of Victoria), 2003 
No -  specifically excluded EPA, 2006 
Western 
Australia 
Wetland Conservation 
Policy for Western 
Australia, 1997 
No – not mentioned relies on 
RAMSAR definitions 
DCLM, 1997 
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3.1.4 Aim of this chapter 
 
Based on an overview of the protection of farm dams under Australia’s legislation, it was 
concluded that consideration of their benefits for biodiversity conservation is limited. As a 
background to a broader study on the quantification of the potential for biodiversity depletion 
due to the loss of farm dams in North-Western Sydney, the area of most rapidly transitioning 
landscape in Australia due to the impacts of agriculture to urban development (Planning and 
Infrastructure, undated b), changes that will potentially occur with the current transition from 
greenfield sites to urbanisation were investigated, and the outcomes compared with the 
historical status of wetlands (pre-agriculture) in the Region.  
 
This will underpin studies that quantify the loss of biodiversity due to farm dam loss in 
North-Western Sydney with the transition from agriculture to urbanisation. In this Chapter 
the change in wetland habitat due to this transition was assessed, and compared with pre-
European settlement.
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3.2 Methods  
 
3.2.1 Quantification of wetlands 
 
In the study area, wetlands that occurred in agricultural, natural and urban areas were 
compared using a Geographic Information System (GIS) that incorporated ArcGIS version 10 
software (ESRI, Redlands, California) and the Land Use: New South Wales [NSW] spatial 
data set (OEH, 2011). Prior to analysis, restructuring of the land use data was required to suit 
the aims of the study. All wetlands were attributed to one of the NSW Major Category land 
use classes; 1) if they were located entirely within one of the classes, or 2) by the class that 
they shared the longest border with, in the case where a wetland was located between two 
different land use classes. This was accomplished through the use of the Eliminate data 
management tool in ArcGIS. Relevant NSW Major Categories of land use were then 
aggregated into three broad groups using queries in ArcGIS: 
  
Natural land use incorporating conservation areas and land with tree/shrub cover. 
Agricultural land use incorporating areas used for cropping, grazing, horticulture, and 
intensive animal production.  
Urban land use incorporating urban areas, transport corridors and other corridors.  
 
To enable a comparison of the characteristics of natural wetlands and those used for 
agricultural purposes, wetlands were separated into two groups. The Australian Land Use and 
Management (ALUM) version 7 classification system in the Land Use: New South Wales 
(OEH, 2011) data set was used to differentiate between conserved natural wetlands/marshes 
(class 6.5.0), and farm/irrigation dams (from class 6.2.0). 
 
The identification of the location and extent of natural, agricultural and urban land use in the 
Penrith, Hawkesbury and Blacktown local government areas provided the framework for the 
enumeration, calculation of surface area and assessment of the spatial distribution of these 
natural wetlands and farm dams. Counts of natural wetlands and farm dams for each land use 
group within the three local government areas were obtained from ArcGIS attribute tables 
once the procedures described above had been performed on the data. The surface area of 
each wetland was calculated in the attribute tables using the Calculate Geometry tool.     
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Characteristics of the spatial distribution of natural wetlands and farm dams in the three local 
government areas were determined using the Average Nearest Neighbour spatial statistics 
tool in ArcGIS 10. The area of the relevant local government area (m
2
) was used as input to 
these analyses. Land use categories were not used as area input because regions representing 
different types of land uses were often distributed in a fine mosaic pattern in the study area 
and as such were not conducive to this analysis.   
 
3.2.2 Data analysis 
 
Due to the low numbers within some areas of the data, the definitions for farm dams and 
wetland for conservation were combined. The surrounding land use was relied on to identify 
the wetland type. In order to standardise the different areas of the three local government 
areas, wetland density and surface area were calculated per 100 km
2
. An Analysis of 
Variance (ANOVA) was not carried out on wetland density as there was insufficient data to 
be amenable to analysis. When utilising a one one-way ANOVA, there was a high probability 
of the results being non-significant due to the issues with a small sample size. This may have 
caused a Type II error to be incurred and a false rejection of the null hypothesis. In order to 
analyse the density of wetlands a Chi Square Goodness of Fit was therefore used. When the 
more than 20.00% of the expected frequencies fell below 5, the Yates Correction for 
Continuity Model was applied (Yates, 1934).  
 
Surface area was analysed with a two-way ANOVA analysis as the sample size was 
sufficiently large to be amenable to this analysis. When a significant difference was revealed, 
a Tukey’s post hoc test was undertaken for the sample between land uses to identify specific 
differences. Nearest neighbor data was analysed to determine the mean distance among 
wetlands.
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3.3 Results 
 
3.3.1 Wetland density 
 
Mean wetland density/100 km
2 
was significantly different in the local government areas 
(Penrith, Blacktown, Richmond; χ2=274.12, df=4, p=0, <0.0001) (Figure 3.1).  
 
Wetlands in natural areas were present in similar density across local government areas 
(χ2=3.2, df = 2, p=0.195, ns). The pattern of distribution differed significantly among local 
government areas in the proportion of wetlands in both agricultural (χ2=398.96, df = 2, p=0, 
<0.0001) and urban landscapes (χ2=57.66, df = 2, p=0, < 0.0001) (Figure 3.1).  
 
Wetland abundance/100 km
2 
was significantly different among land use types (natural, 
agricultural, urban; χ2=273.19, df=2, p=0, <0.0001) (Figure 3.1).  
 
Natural areas had significantly fewer wetlands than were present in the agricultural 
landscapes (χ2=54.82, df=2, p=0, <0.0001). There were fewer wetlands in urban landscapes 
than in agricultural areas (χ2=271.4, df=2, p=0, <0.0001) although the number within urban 
and natural landscapes were not significantly different (χ2=0.584, df=2, p=0.58, >0.05) 
(Figure 3.1). 
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Figure 3-1 Mean abundance (per 100 km
2
) of wetlands in natural, agricultural and 
urban landscapes in three local government areas (Blacktown, Penrith, Hawkesbury) of 
Western Sydney, Australia 
 
3.3.2 Wetland surface area 
 
The surface area/100 km
2
 of wetlands among the local government areas was not 
significantly different (Figure 3.2; Table 3.2).  
 
There was a significant difference in the surface area of wetlands in the different landscape 
types (natural, agricultural, urban wetlands) (Figure 3.2; Table 3.2).  
 
Wetlands in natural areas had significantly lower surface area than those in urban landscapes 
(p=0.045, <0.05) but were similar to agricultural areas (p=0.999, >0.05). There was no 
significant difference in surface area of wetlands between urban and agricultural landscapes 
(p=0.051, >0.05) (Table 3.3)
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Figure 3-2 Mean surface area (per 100 km
2
) of wetlands in natural, agricultural and 
urban landscapes in three local government areas (Blacktown, Penrith, Hawkesbury) of 
Western Sydney, Australia 
 
 
Table 3-2 A One Way Analysis of Variance of the mean surface area (per 100 km
2
) of 
wetlands in natural wetlands, agricultural and urban landscapes in Western Sydney 
(Australia) 
Source Type III Sum of 
Squares 
df Mean Square F Sig. 
Land use 172438146.448 2 86219073.224 3.862 0.025 
LGA 52880338.284 2 26440169.142 1.184 0.311 
Error 1808238428.981 81 22323931.222   
Total 2283594047.467 90    
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Table 3-3 A Tukey’s post hoc analysis of the mean surface area (per 100 km2) between 
wetlands in natural, agricultural and urban landscapes in Western Sydney (Australia) 
Land use Land use Mean 
difference  
 
Std. 
Error 
Sig.  Lower 
bound 
 Upper 
bound 
Natural Agriculture -62.949 1219.943 0.999 -2975.622 2849.723 
 Urban -2967.277 1219.943 0.045 -5879.950 -54.604 
Agriculture Natural 62.949 1219.943 0.999 -2849.723 2975.622 
 Urban -2904.328 1219.943 0.051 -5817.003 8.345 
Urban Natural 2967.277 1219.943 0.045 54.604 5879.949 
 Agriculture 2904.328 1219.943 0.051 -8.345 5817.000 
 
 
3.3.3 Wetland nearest neighbor 
 
The distance between natural wetlands was significantly greater than farm dams (p=0, 
<0.0001) (Figure 3.3; Table 3.4 and Table 3.5). 
 
 
 
Figure 3-3 The nearest neighbour (metres) distances between farm dams and natural 
wetlands in three local government areas (Blacktown, Hawkesbury, Penrith) of Western 
Sydney, Australia. 
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Table 3-4 The average nearest neighbour summary for farms dams in Blacktown, 
Penrith and Hawkesbury local areas of Western Sydney, Australia 
Average nearest neighbor 
summary 
Blacktown Penrith Hawkesbury 
Distribution Clustered Clustered Clustered 
Observed mean distance 187.630 144.150 200.940 
z-score 19.590 -28.390 -57.110 
p-value 0.000 0.000 0.000 
 
 
Table 3-5 The average nearest neighbour summary for natural wetlands in Blacktown, 
Penrith and Hawkesbury local areas of Western Sydney, Australia 
Average nearest 
neighbor summary 
Blacktown Penrith Hawkesbury 
Distribution No data Clustered Clustered 
Observed mean 
distance 
No data 1431.880 826.430 
z-score No data -3.320 -13.060 
p-value No data 0.001 0.000 
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3.4 Discussion 
 
3.4.1 Density of wetlands 
 
The abundance of wetlands was higher in agricultural landscapes than natural areas (Figure 
3.2). A similar pattern has been demonstrated in areas across the globe. For example, in 
China, between 1978-2008 the abundance farm dams increased by 122.00% (e.g. Niu et al. 
2012). The construction of farm dams has also been evident in countries such as Spain 
(Fuentes-Rodriguez, 2013), Minnesota [USA] (Knuston et al. 2004) and in Europe where 
they outnumber larger waterbodies at a ratio of 100:1 (Oertli et al. 2005). The abundance of 
wetlands in agricultural landscapes has increased due to the development of agriculture and 
reflects the need to secure water to maintain a steady supply of water for crop irrigation 
and/or to water livestock (Lewis, 2002). In Australia, the increase in farm dams in the 
landscape occurred because their construction on private property has been increasing since 
the 1970’s, particularly in areas where agriculture is dominant (e.g., Murray Darling Basin; 
Schreider, et al. 2002). As a result farm dams have become a ubiquitous feature of the 
landscape (Lewis, 2002).  
 
The construction of farm dams in the landscape potentially increases the diversity of 
available wildlife habitat (Froneman et al. 2001; Fang et al. 2009) as they potentially act as 
complimentary habitats to those natural wetlands available in the landscape (Casas et al. 
2012). Because many natural wetlands are ephemeral and farm dams are generally more 
permanent in nature, farm dams may increase the hydroperiod experienced across the wetland 
mosaic (Casas et al. 2012). Furthermore, these constructed wetlands may successfully support 
biodiversity to the extent that in some regions, such as Europe, they are recognised as 
biodiversity hotspots (Cereghino et al. 2008 b) since they contribute strongly to regional 
biodiversity (Williams et al. 2004; Karaus et al. 2005). Taxa, such as frogs (Hazell et al. 
2004), birds (Froneman, et al. 2001), and macroinvertebrates (Markwell and Fellows, 2008) 
have been found to utilise farm dams and thus their presence can potentially increase 
populations of those taxa that can successfully use these habitats (Tyler and Watson, 1998).  
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Despite their increase in availability, farm dams lack the complexity of natural wetlands, 
which often does not allow them to support equivalent biodiversity (Casas et al. 2012). 
Essentially, they cannot be considered replacement habitats for natural wetlands (Ma et al. 
2004; Casas et al. 2012). The surrounding terrestrial habitat in which farm dams are 
embedded also differs from the natural state because agricultural landscapes are typically 
composed of pasture rather than bushland or other natural vegetation. This favors biodiversity 
that occurs in more open habitats (Gagne and Fahrig, 2007) and excludes those that prefer 
more closed habitats. As a consequence, more resilient species will persist in farm dams 
(MacNally et al. 2009) with some species finding ‘new’ habitat constructed which allows 
them to exploit the increase in available resources offered by farm dams (Tyler and Watson 
1998).  
 
In the current study, the abundance of urban wetlands decreased compared to the abundance 
of farm dams (aside from the Penrith Local Area), although they were present in equivalent 
abundance as was observed for natural wetlands (Figure 3.2). This pattern has occurred 
because farm dams are typically removed with urbanisation. The loss of farm dams due to 
urbanisation is not; however, restricted to Australia but is occurring worldwide, for example, 
in the USA (Fairchild, et al. 2012), UK (Beebee, 1997; Boothby and Hull, 1997; Wood et al. 
2003; Jeffries, 2012), France (Curado, et al. 2011), and Taiwan (Fang, et al. 2009; Huang, et 
al. 2012); In urban landscapes, stormwater basins frequently replace farm dams in order to 
ameliorate the flooding issues associated with the increases in impervious surfaces that 
typically accompany urbanisation (Jenkins et al. 2012). The outcome has resulted in wetland 
densities in urban areas that are equivalent to natural landscapes in the study area albeit, as 
with farm dams, urban wetlands are constructed for purposes other than to foster biodiversity. 
 
The replacement of farm dams with stormwater treatment wetlands in urban areas has the 
potential to cause a further decline in species than has occurred in the transition from natural 
wetlands to farm dams. Whilst urban stormwater wetlands have been demonstrated to 
successfully support biodiversity (e.g., Goonetilleke et al. 2005; Simon et al. 2009; 
Vermonden et al. 2009), they have not been demonstrated to support the equivalent 
biodiversity to farm dams (e.g., Gagne and Fahrig, 2007). 
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This is probably because urban wetlands experience a higher degree of disturbance than farm 
dams in their agricultural setting (Gagne and Fahrig, 2007). The terrestrial matrixes in which 
urban wetlands are embedded are also often inhospitable to some species, for example, frogs 
(Knuston et al. 1999).  
 
Whilst some remnant natural bushland may remain in patches in the agricultural landscape 
(Fahrig et al. 2011), it is often replaced by residential, commercial and industrial structures in 
urban areas (Rickman and Connor, 2003). Furthermore, in urban areas, the surrounding 
spaces in which wetlands are located are frequently used for recreational purposes and this 
may pose a higher level of human disturbance to wildlife biodiversity than occurs in wetlands 
associated with lower levels of human disturbance (Ehrenfeld, 2000). This is because human 
disturbance often has negative effects on some taxa, such as frogs, which will exhibit anti-
predator responses and avoid these wetlands (Rodrigues-Preito and Fernandez-Juricic, 2005). 
Essentially, those species that persist in urban wetlands will be habitat generalists and have 
the ability to seek out forage and refuge areas in a broad range of environmental conditions 
(Fraterrigo and Wiens, 2005). The loss of agricultural lands to urbanisation, while likely not 
to be as critical as the loss of natural wetlands, at least in some areas, is of concern for the 
long-term viability of some species (e.g. Hamer and Organ, 2008).  
 
3.4.2 Surface area of wetlands 
 
The surface area of farm dams was similar to natural wetlands, despite farm dams being 
present in higher numbers (Figure 3.2; Table 3.2; 3.3). The quantification of the surface area 
of farm dams in Australia is rare (Fowler, et al. 2011) and, therefore, it is difficult to find 
other studies with which to compare the results of this study. However, natural wetlands are 
typically removed with the conversion of the landscape for agriculture and as the results 
demonstrated, they have been replaced with many smaller farm dams which have, overall, 
maintained an equivalent wetland surface area. Due to their smaller surface area, farm dams 
are unsuitable for those species that require larger bodies of water (Casas, et al. 2012). With 
the loss of natural wetlands, without a commensurate increase in appropriate habitat, species 
with these requirements will decline. As with the lack of change of aquatic surface area in the 
landscape with the transition from natural bush land to agriculture, the surface area of 
wetlands remained equivalent in extent with the transition from agricultural to the urban  
landscape. 
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In contrast to the current study, Gibbs (2000) found that with shifts from agricultural to urban 
landscapes, surface area declined.  
 
3.4.3 Nearest neighbor of wetlands 
 
In the landscape, farm dams were present in greater density than natural wetlands and, 
therefore, their nearest neighbor distance (i.e., distance between dams) was lower. However, 
even though farm dams are closer together, their connectivity for biodiversity would be 
presumably reduced compared to wetlands in natural bushland. For example, surrounding 
terrestrial vegetation found in natural areas, which form important corridors for movement of 
animals between wetlands (Todd, et al. 2009), is generally lost in the agricultural landscape 
because of its use for pasture and cropping (Blann, et al. 2009). Additionally, there is an 
increase in roads which can lead to increased mortality of animals attempting to cross roads 
into other nearby wetlands (Hels and Buchwald, 2001); However, their value in the modified 
environment cannot be disregarded as they may act as stepping stones between modified and 
unmodified environments for a range of taxa that move between these wetlands (Brainwood 
and Burgin, 2009; Casas et al. 2012).  
 
As the results of this study have shown, farm dams may typically form an important 
component in the wetland mosaic of the landscape, acting as possible complimentary habitats 
and stepping stones for a range of species.  Despite this, they are not generally recognised as 
biodiversity habitat in legislation. For example, while the Australian State and Territory 
policy/legislation that pertains to the loss of farm dams is varied, typically, farm dams are not 
valued as wildlife habitat unless it has been demonstrated that the wetland is habitat for 
threatened or endangered species (e.g. EPBC Act, 1999), and/or are subject to international 
conventions (e.g., RAMSAR, undated) or treaties, for example, the Japan-Australia 
Migratory Bird Agreement and the China-Australia Migratory Bird Agreement (Department 
of Environment, 2009). However, in Tasmania they are mentioned as habitat for biodiversity, 
although in Victoria they are specifically omitted.  
 
Of concern is the loss of farm dams within the rapidly urbanising area of Western Sydney 
(Planning and Infrastructure, undated b) where the Wetlands Policy is somewhat subjective 
when it comes to the fate of farm dams threatened with removal for urbanisation. 
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It is, therefore, difficult to determine the potential level of protection that would be afforded 
to biodiversity that depend on farm dams in the area. This is because if farm dams are freely 
removed from the landscape, it can be expected that there will be consequences for the 
regional biodiversity that rely on this habitat (Cereghino, et al. 2008 b).  
 
In common with NSW, the Victorian human population is also rapidly expanding (Plan 
Melbourne, 2013). Since that State’s legislation specifically excludes farm dams from 
consideration in development applications, currently their loss continues to be unregulated. 
While this is the typical situation in states, other than NSW and Victoria where farm dams are 
a common feature of the landscape (Baillie, 2008), and therefore, the losses would be 
expected to be fewer outside of this South-East Australian Region (i.e., NSW, Victoria).  
 
The Tasmanian policy could act as a model for other jurisdictions in Australia. This is 
because, in the Tasmanian Wetland Strategy, it has been acknowledged that farm dams may 
mimic the services of natural wetlands and this includes recognition that they provide 
significant habitat for waterbirds (Froneman, et al. 2001). They also play a role in the carbon 
cycle (Downing, et al. 2006). Unlike other Australian jurisdictions, Tasmania may 
specifically manage farm dam habitat for wildlife. This approach to management of farm 
dams could play a pivotal role in developing more appropriate policies for the management of 
farm dams and their associated biodiversity elsewhere.  
 
3.4.4 Conclusions 
 
The legislation in Australia often disregards farm dams as potential complementary habitat 
for biodiversity and does not address their dual role as agriculture and biodiversity dams. In 
the urbanising landscape of South-Eastern Australia, where farm dams are most concentrated, 
these habitats are facing potential removal due to the lack of formal recognition of their role 
as biodiversity habitat. The legislation across Australia, particularly in these areas, could be 
strengthened by considering the approach that has been implemented by Tasmania where 
farm dams are formally recognised as potential habitat. With potential development in 
Tasmania, they cannot be as freely removed from the landscape as in other states where their 
biodiversity values may also warrant more consideration. 
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To ameliorate the potential loss of farm dam habitat elsewhere in Australia, there needs to be 
amendments to the legislation that currently permit developers to remove farm dams from the 
landscape without due consideration for biodiversity loss. Further aquatic habitat loss may be 
halted as a result of a review of environmental planning instruments and national wetland 
policies. 
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4.  The loss of frog biodiversity due to the removal of farm dams 
in urbanising Western Sydney 
 
4.1 Introduction 
 
Amphibian populations are in decline worldwide (Stuart et al. 2004). Of the 7,286 recognised 
species that exist globally, 41.00% are considered either threatened or extinct (IUCN Red 
List, 2014). This represents the highest portion of threatened species of any taxa (Stuart et al. 
2004). There is limited evidence that the situation is improving. This is because of those 
species that remain, a large portion have declined, with the trend forecasted to continue and 
thus it is predicted that there will be a rise in the number of threatened species (IUCN Red 
List, 2013).  
 
One of the dominant catalysts for amphibian decline has been habitat loss and fragmentation 
due to changes in the landscape for agriculture (Stuart et al. 2004; Brown et al. 2012; IUCN 
Red List, 2013). These alterations to the landscape negatively affect frog diversity (Bickford 
et al. 2010), abundance (Marsh and Pearman, 1997) and assemblages (Hillers et al. 2008) as 
frogs rely on terrestrial habitat outside of breeding episodes for refuge from desiccation 
(Rittenhouse et al. 2008) and predators (Spieler and Linsenmair, 1998). In addition to 
clearing of natural vegetation, agriculture has also been a leading cause of the destruction of 
natural wetlands (Millennium Ecosystem Assessment, 2005) due to their removal or drainage. 
These wetlands have often been replaced with monocultures of crops or livestock pasture. 
This has significantly reduced the number of natural wetlands available for frogs as breeding 
habitat (Curado et al. 2011).  
 
Although agriculture has extensively modified the environment, this land use may provide an 
important reservoir for biodiversity conservation, particularly when natural habitat has been 
removed or degraded (Fischer et al. 2012). One such example is the construction of farm 
dams in the agricultural landscape. The potential of farm dams/ponds as habitat for frog 
biodiversity has received considerable attention across the globe (e.g., United States of 
America [USA] - Knuston et al. 2004; Canada - Gagne and Fahrig, 2007; Spain - Casas et al. 
2012; France – Jeliazkov et al. 2014). 
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These habitats have often been inadvertently created as habitat for frogs, although the major 
reason for their construction has typically been to secure water for agricultural activities (e.g., 
watering stock; irrigation) (Hazell et al. 2004). Additionally, they provide aquatic 
connectivity in the landscape (Bowne et al. 2006), and act as complimentary habitat to natural 
wetlands in a modified environment (Casas et al. 2012).  
 
Across the globe, agricultural lands are increasingly under pressure, mostly attributable to 
urban encroachment (Fischer et al. 2012). Significant numbers of farm dams/ponds have been 
lost to urbanisation, for example in the USA (Fairchild et al. 2012), United Kingdom [UK] 
(Beebee, 1997; Boothby and Hull, 1997; Wood, 2003; Jeffries, 2012), France (Curado et al. 
2011), and Taiwan (Fang et al. 2009; Huang et al. 2012). These losses have had a negative 
effect on frog populations due to loss of habitat (Wood, 2003; Curado et al. 2011).  
 
Australian agriculture dates to early European settlement in the 1880s, and it has continually 
expanded since that time (Pollard, 2000) to become the basis of a major export industry. 
Overall, 60.00% of Australia’s land mass is dedicated to agriculture with predominant 
agricultural activities including sheep and cattle grazing for beef and dairy, together with 
various food crops such as wheat, fruit, and sugar cane (EWHA, 2010).   
 
One of the key issues facing farmers in Australia is securing water resources, particularly as 
Australia is a drought prone country with an unpredictable rainfall (EWHA, 2010). As a 
consequence, water resource development has been ongoing for over 100 years (Arthington 
and Pusey, 2003; Kingsford, 2003), and Australia has the highest water storage per person in 
the world (Wasson et al. 1996; ABS, 2010). A large portion of this water is used for irrigation 
which is often held in farm dams (Lewis, 2002). These dams may have been constructed 
several decades ago and have often evolved to form an ecological link in the landscape 
(Brainwood and Burgin, 2009). Farm dams also act to provide potential habitat for frogs 
(Hazell et al. 2001; 2004; Hawkeswood, 2006; MacNally et al. 2009; Davis and Roberts, 
2011; Hamer and Organ, 2011). 
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As with the global situation, farm dams in Australia are often threatened by urbanisation. 
These actions; however, are unregulated across the country and the actual losses to 
urbanisation have been unknown (Brainwood and Burgin, 2009). With a projected population 
expansion from 22.7 million in 2012 to between 36.8 and 48.3 million by 2061 (ABS, 2013), 
largely due to a rapid expansion of urban and peri-urban populations, urban development will 
further encroach on the outer urban edges, which are already considered some of the most 
rapidly urbanising areas of Australia (Butt, 2011). With this expansion comes the loss of farm 
dams; however, there is limited information on the consequences of the effects of such 
wetland loss for the frog species that breed within them. Nevertheless, some studies have 
demonstrated that such wetland loss does negatively affect frog populations (Curado et al. 
2011).  
 
4.1.1 Aim of the study 
 
The aim of the chapter is to: 
 
 Investigate the significance of farm dams embedded in the agricultural landscape as 
potential habitat for frogs. 
 Determine the changes in frog diversity, abundance, and assemblages that occur when 
the farm dams are removed and the landscape is altered for urbanisation. These will 
be compared with the frog diversity in pre-agricultural (natural) wetlands.   
 Quantify the chemical and physical properties of wetlands in the study area including 
those within natural, agricultural and urban landscapes to give an insight into their 
habitat potential for frogs and the effects of these parameters on frog populations. 
 
It is hypothesised that the abundance and diversity of frogs will be lower in urban wetlands 
compared to farm dams and natural wetlands, with those wetlands in urban environs 
exhibiting the least abundance and diversity. It is expected that the response of frogs to 
landscape type will be species specific. Those that inhabit open terrestrial areas are expected 
to be more abundant in agricultural landscapes than those that will occur in natural wetlands 
with intact vegetation preferring more closed habitats. It is expected that urbanisation will 
negatively affect all groups of frogs favouring neither those that prefer open or closed 
habitats.
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 4.2 Methods 
 
4.2.1 Experimental design 
 
Wetlands were sampled for frogs across three land use types within the study area; those 
situated within natural areas (natural wetlands), agricultural areas (farm dams) and urban 
centres (urban wetlands). A total of six of each wetland type was sampled from summer 2012 
to summer 2013. Three replicates were taken at each wetland within each season. The limited 
number of natural wetlands within an area meant that this category tended not to be randomly 
chosen but rather were the only available that fitted the pre-described criteria of those which 
best represented natural habitats (i.e. not heavily modified for human purposes). Access to 
farm dams was restricted to landholder’s agreement to participate in the research. There was 
no restriction on the use of urban wetlands, and those sampled were randomly chosen from 
among those available.  
 
4.2.1.1 Frog surveys 
 
Hygiene protocols 
Hygiene protocols, developed by the Department of Environment, Climate Change and Water 
(DECC, 2008) were closely adhered to when sampling around frog habitat. This included 
thoroughly cleaning footwear prior to commencing sampling in a specific wetland and 
disinfecting footwear before travelling to another wetland. Hands were also disinfected 
between sites. To disinfect the equipment, ‘toilet duck’ (active ingredient - benzalkonium 
chloride) was used at 20 mL/1000 mL water. These procedures are outlined in Chapter 2 of 
the hygiene protocol developed by DECC (2008).  
 
Sampling frog calls 
Call surveys provide a rapid assessment of the presence/absence of frog species in a specific 
area (Hazell et al. 2001; Crouch and Paton, 2002). To record male frog vocalisations a single 
recorder (Olympus Linear PCM Recorder, LS-7, China) was used at each site. This was 
housed within a generic plastic container (20 cm long x 10 cm high x 6 cm wide) so it 
received protection from inclement weather including wind and rain.  
 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
72 
 
A sponge cloth was glued across the top of the container to muffle the sounds of raindrops 
and wind, and allow a clear recording of frog chorus. The recorders were placed as far away 
as practical from traffic, water pump interference, and any noises that would hinder capturing 
frog calls. Furthermore, the recorder was placed in a situation where there was a range of 
habitat characteristics close by including placing the recorder near bank vegetation or other 
ground cover where male frogs were likely to call from as practical (Tyler, 1997) and which 
was representative of the overall habitat in the immediate environs of the water body. Once a 
site had been chosen either a star picket was placed in the ground to attach the recorder and 
housing to or if there was a tree branch or other equivalent structure, this was used. Use of 
star pickets in urban areas was avoided to minimise theft of the recorders. As a consequence, 
in these areas, the recorders were typically positioned where they were hidden from view. 
This placement was no more than 5 m from the wetland bank. The recorders were set to begin 
recording at 5:00 pm Greenwich Mean Time. Recordings lasted three hours over three 
consecutive nights/calendar month. After the third day of recording, the recorder was 
retrieved the following morning. The recordings were downloaded onto Olympus Sonority 
(Microsoft) and the frog chorus was enumerated.  
 
To analyse the recordings, 15 minutes of each hour was used. The whole of the recording was 
then inspected for the call of species not recorded during the 15 minute intervals. An estimate 
of the number of frogs (N) for each species was determined on a logarithmic scale (cf. Hazell 
et al. 2004; Lane and Burgin, 2008). This was measured as 1=1-5 frogs, 2=6-10, 3=11-20, 
4=21-50 and 5=50+-very numerous. Frog calls and frog species were identified with the aid 
of the recordings of calls that accompanied the field guide Frogs and Reptiles of the Sydney 
Region (Griffiths, 2006).   
 
4.2.2 Physical parameters 
 
A measure of wetland health was determined using the criteria set out in the Wetland Care 
Australia’s Assessment Manual for Australian Wetlands (Price et al. 2008). The methods for 
open freshwater wetlands were utilised as there was no specific method for artificial wetlands. 
This was confirmed to be the appropriate approach by Ms Cassie Price, Wetland Care 
Australia. The measures of wetland health that were taken at each wetland in the study are 
shown in Table 4.1. 
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Table 4-1 The physical parameters that were measured using the Wetlandcare 
Assessment for Australian Wetlands in natural wetlands, farm dams and urban 
wetlands 
Physical parameter Components of the parameter 
Connectivity Proximity to adjacent wetland 
Surrounding roads 
Area of the wetland 
Adjacent land use 
Human disturbance Grazing 
Presence of dead trees 
Recent fires 
Signs of siltation 
Signs of polluted water 
Dead trees present 
Weeds 
Rubbish 
Recent clearing 
Drains in/out of the wetland 
Signs of domestic animals 
Signs of feral animals 
Dead/wounded animals 
Plant and bark removal 
Boat and vehicle damage 
Surrounding vegetation Diversity 
Number of species 
Presence of weeds 
Habitat potential 
 
 
 
 
 
 
 
 
 
 
 
 
Presence of forest structure/layers 
Fallen branches/ trees 
Standing dead trees 
Large Hollows (trunk) 
Small Hollows (branches) 
Decorticating Bark 
Snags/ Rocks (aquatic habitat) 
Leaf Litter or debris 
Shells 
Burrows 
Floating Aquatic Plants 
Submergent Aquatic Plants 
Emergent Aquatic Plants 
Signs of fauna activity parameter 
Hydrological change or tidal restriction Alterations and changes to the wetland 
Presence of structures 
Indicators that vegetation is affected by hydrological 
change 
Fringing vegetation Diversity 
Number of species 
Presence of weeds 
The width of the vegetation 
Bank condition Signs of pugging 
Signs of erosion 
The gradient of the bank 
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4.2.3 Chemical parameters 
 
On each sampling occasion, four randomly chosen points in the wetland were used to take ten 
readings. Basic chemical parameters (see Table 4.2) of the wetland were measured with a 
Yeokal 615 Water Quality Analyser (Yeokal Electronics, Brookvale, NSW). The probe of the 
analyser was placed in the water approximately 30 cm from the water’s edge. To allow for 
any disturbance of the sediment to settle, sampling was not undertaken for approximately two 
minutes. Once these were collected they were downloaded using the Yeokal615 software into 
Microsoft Word for recording for analyses.  
 
 
Table 4-2 The chemical parameters measured at each wetland sampled for birds in 
natural, agricultural and urban landscapes in Western Sydney, Australia 
Parameter Measurement 
Depth Meters (m) 
Temperature degrees Celsius (
o
C) 
Salinity Parts per thousand (ppt) 
Dissolved oxygen % saturation (% sat) 
pH pH  
Turbidity Nephelometric turbidity units (ntu) 
 
 
4.2.4 Data analyses 
 
A one way Analysis of Variance (ANOVA) was conducted for the abundance and diversity 
of frogs for each land use type. A Tukey’s post-hoc test was utilised to identify specific 
differences between wetland types in the IBM Statistical Packages for the Social Sciences 
(SPSS) 20.  
 
PRIMERv6 with PERMANOVA were used to analyse the assemblages of frogs. Since the 
data were considered ordinal, a transformation was deemed unnecessary. A 2d non-metric 
multi-dimensional scaling (MDS) ordination was created to visually represent this data. 
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Stress levels of the MDS were interpreted as follows: <0.05=an excellent representation of 
the data, <0.1=a good representation of the data, <0.2=a useful plot, although the results 
should be considered with caution, and >0.3=not an ideal representation of the data (Clarke 
and Warrick, 2001).  
 
A PERMANOVA test was undertaken utilising a one way design of wetland type. Pairwise 
tests were used to confirm the differences between wetland types. To determine the 
contributions of similarity within wetland groups and the dominant species within the 
assemblages, a SIMPER analysis was undertaken in PRIMERv6. Utilising the method above, 
a one way ANOVA was then applied to the individual species identified in SIMPER.  
 
The physiochemical parameters were also analysed in SPSS 20 by utilising a Multivariate 
Analysis of Variance (MANOVA). A Tukey’s post hoc test identified specific differences in 
the parameters between wetland types. The DISTLM procedure was utilised to determine 
which parameters were linked to the frog data and non-significant results were omitted from 
the final model. A DBRDA plot was utilised to visually represent this data.  The strongest 
correlation of the physiochemical data and the frog assemblages were determined using a 
BVstep analysis in PRIMERv6. The BVstep utilises a forwards and backwards stepping 
approach that best match the selection of biotic and abiotic data (Clarke and Warrick, 2001).
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4.3 Results 
 
Overall a total of nine amphibian species were recorded, represented by two families; 
Myobatrachidae and Hylidae (Table 3.3). All species encountered in the study are considered 
common in the Sydney Region (Cogger, 2000; Griffiths, 2006). None were listed in New 
South Wales [NSW] as threatened species under the Threatened Species Conservation Act 
1995 or as a threatened species under the Federal Environmental Protection and Biodiversity 
Conservation Act, 1999. 
 
Natural wetlands had a higher abundance of Crinia signifera, Crinia parasignifera and 
Litoria fallax (Table 4.3, Figure 4.1).  
 
Three species were encountered most frequently in farm dams (Litoria denata, Litoria 
verreauxii verreauxii, Uperoleia laevigata) but were also found in other wetland types. One 
species, Litoria latopalmata was found to occur only in farm dams (Table 4.3, Figure 4.1).   
 
No species was found to occur predominantly in urban wetlands (Table 4.3; Figure 4.1).  
 
 
Table 4-3 The frog species recorded in natural wetlands, farm dams and urban 
wetlands in five seasons (summer 2012-summer 2013) in Western Sydney, Australia 
Species Common name Natural Farm Urban 
Myobatrachidae 
Crinia signifera 
Common Eastern froglet 
Present 
 
Present 
 
Present 
Crinia parasignifera 
Beeping frog 
Present 
 
Present 
 
Absent 
Limnodynastes peronii 
Striped marsh frog 
Present 
 
Present 
 
Present 
Uperoleia laevigata 
 
Smooth toadlet Present 
 
Present 
 
Present 
Hylidae 
Litoria denata Bleating tree frog Present Present Present 
Litoria fallax 
Eastern dwarf tree frog 
Present 
 
Absent 
 
Absent 
Litoria latopalmata 
Broad palmed frog 
Absent 
 
Present 
 
Absent 
Litoria peronii Peron’s tree frog Present Present Present 
Litoria v. verreauxii Whistling tree frog Present Present Present 
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Figure 4-1 The total number of times individual frog species were recorded in natural 
wetlands, farm dams and urban wetlands in five seasons (summer 2012-summer 2013) 
in Western Sydney, Australia 
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4.3.1 Abundance of frogs 
 
Farm dams had greater mean abundance of frogs than urban wetlands and less than natural 
wetlands (Figure 4.2; Table 4.4; 4.5).  
 
 
 
Figure 4-2 Mean abundance of frogs in natural wetlands, farm dams and urban 
wetlands in five seasons (summer 2012-summer 2013) in Western Sydney, Australia (± 
S.E., n=6) 
 
 
Table 4-4 A One Way Analysis of Variance of the mean abundance of frogs in natural 
wetlands, farm dams and urban wetlands in five seasons (summer 2012-summer 2013) 
in Western Sydney, Australia 
Source Sum of 
Squares 
df Mean square F Sig. 
Between groups 218.274 2 109.137 16.259 0.000 
Within groups 1792.244 267 6.713   
Total 2010.519 269    
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Table 4-5 A Tukey’s post hoc analysis of the mean abundance of frogs between natural 
wetlands, farm dams and urban wetlands in five seasons (summer 2012-summer 2013) 
in Western Sydney, Australia  
Wetland 
type 
Wetland 
type 
Mean 
diff. 
Std. 
error 
Sig. Lower 
bound 
Upper 
bound 
Urban Natural -2.200 0.386 0.000 -3.110 -1.289   
 Farm -1.189 0.386 0.006 -2.099 -0.279   
Natural urban 2.200 0.386 0.000 1.289 3.110   
 Farm 1.011 0.386 0.025 0.101 1.921   
Farm urban 1.189 0.386 0.006 0.279 2.099   
 Natural -1.011 0.386 0.025 -1.921 -0.101   
 
 
4.3.2 Frog diversity 
 
The mean frog diversity was similar in natural wetlands and farm dams but lower in 
urbanised areas (Figure 4.3; Table 4.6; 4.7).  
 
 
 
Figure 4-3 Mean frog diversity in natural wetlands, farm dams and urban wetlands in 
five seasons (summer 2012-summer 2013) in Western Sydney, Australia (± S.E., n=6) 
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Table 4-6 A One Way Analysis of Variance of the mean diversity of frogs in natural 
wetlands, farm dams and urban wetlands in five seasons (summer 2012-summer 2013) 
in Western Sydney, Australia 
Source Sum of 
Squares 
df Mean square F Sig. 
Between groups 35.267 2 17.633 13.216 0.000 
Within groups 356.233 267 1.334   
Total 391.500 269    
 
 
Table 4-7 A Tukey’s post hoc analysis of the mean diversity of frogs between natural 
wetlands, farm dams and urban wetlands in five seasons (summer 2012-summer 2013) 
in Western Sydney, Australia 
Wetland 
type 
Wetland 
type 
Mean 
diff. 
Std. 
error 
Sig. Lower 
bound 
Upper 
bound 
Urban Natural -0.766 0.172 0.000 -1.172 -0.361 
 Farm -0.766 0.172 0.000 -1.172 -0.361 
Natural urban 0.766 0.172 0.000 0.360 1.173 
 Farm 0.000 0.172 1.000 -0.405 0.406 
Farm urban 0.766 0.172 0.000 0.360 1.173 
 Natural 0.000 0.172 1.000 -0.405 0.406 
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4.3.3 Frog assemblages 
 
The assemblages of frogs differed between natural wetlands, farm dams and urban wetlands 
(Figure 4.4). All groups were significantly different (Tables 4.8; 4.9).  
 
 
 
Figure 4-4 Assemblages of frogs in natural wetlands, farm dams and urban wetlands in 
five seasons (summer 2012-summer 2013) in Western Sydney, Australia. Data is 
untransformed (n=6) 
 
 
Table 4-8 PERMANOVA analysis of the frog assemblages in natural wetlands, farm 
dams and urban wetlands in five seasons (summer 2012-summer 2013) in Western 
Sydney, Australia 
Source df SS MS Pseudo-F p Unique perms 
Wetland 2 30271 15135 11.990 0.001 998 
Residual 267 3.370 1261.800    
Total 269 3.672     
 
 
Table 4-9 Pairwise PERMANOVA analysis of frog assemblages between wetland 
groups of natural wetlands, farm dams and urban wetlands in five seasons (summer 
2012-summer 2013) in Western Sydney, Australia 
Groups t p Perms 
Urban, natural 4.681 0.001 999 
Urban, farm 3.160 0.001 998 
Natural, farm 2.140 0.006 998 
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Two species, C. signifera and Lit. v. verreauxii contributed most to similarity in frog 
assemblages within wetland groups. Within wetland frog assemblage similarity ranged from 
17.88% (urban wetlands) to 37.77% (natural wetlands). In both urban and natural wetlands C. 
signifera contributed approximately 90.00% of the similarity in these wetlands. In farm dams 
C. signifera contributed 84.52% of the assemblage similarity, although Lit. v. verreauxii 
contributed a smaller 5.58% which was not evident at urban and natural wetlands (Table 
4.10).  
 
 
Table 4-10 The similarity of wetland groups by individual species by SIMPER in 
natural wetlands, farm dams and urban wetlands in five seasons (summer 2012-summer 
2013) in Western Sydney, Australia  
Wetland 
type 
Average 
similarity 
Species Av. 
Ab 
Av. 
sim 
Sim/SD Cont. 
(%) 
Cum. 
Cont. (%) 
Urban 17.88 Crinia 
signifera 
1.37 16.18 0.59 90.47 90.47 
Natural 37.77 Crinia 
signifera 
2.79 34.40 1.16 91.06 91.06 
Farm 31.14 Crinia 
signifera 
1.92 26.32 1.01 84.52 84.52 
  Litoria v. 
verreauxii 
0.40 1.74 0.26 5.58 90.10 
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4.3.4 The abundance of the common Eastern froglet Crinia signifera in natural wetlands, 
farm dams and urban wetlands  
 
Natural wetlands had the highest abundance of C. signifera while their abundance was 
equivalent in farm dams and urban wetlands (Figure 4.5; Table 4.11; 4.12).  
 
 
 
Figure 4-5 Mean abundance of Crinia signifera in natural wetlands, farm dams and 
urban wetlands in five seasons (summer 2012-summer 2013) in Western Sydney, 
Australia. (± S.E., n=6) 
 
 
Table 4-11 A One Way Analysis of Variance of the mean abundance of Crinia signifera 
in natural wetlands, farm dams and urban wetlands in five seasons (summer 2012-
summer 2013) in Western Sydney, Australia 
Source Sum of Squares df Mean square F Sig. 
Between groups 92.474 2 46.237 13.018 0.000 
Within groups 948.344 267 3.552   
Total 1040.819 269    
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Table 4-12 A Tukey’s post hoc analysis of the mean abundance of Crinia signifera 
between natural wetlands, farm dams and urban wetlands in five seasons (summer 
2012-summer 2013) in Western Sydney, Australia 
Wetland 
type 
Wetland 
type 
Mean 
diff. 
Std. 
error 
Sig. Lower 
bound 
Upper 
bound 
Urban Natural -1.422 0.281 0.000 -2.084 -0.760 
 Farm -0.556 0.281 0.120 -1.218 0.107 
Natural urban 1.422 0.281 0.000 0.760 2.084 
 Farm 0.867 0.281 0.006 0.205 1.529 
Farm urban 0.556 0.281 0.120 -0.107 1.218 
 Natural -0.867 0.281 0.006 -1.529 -0.204 
 
 
4.3.5 The abundance of the Verreaux’s tree frog Litoria verreauxii verreauxii in natural 
wetlands, farm dams and urban wetlands 
 
Farm dams had the highest abundance of Lit. v. verreauxii but this was equivalent in natural 
wetlands. Urban wetlands had a lower abundance than farm dams but this was equivalent to 
the abundance found in natural wetlands (Figure 4.6; Table 4.13; 4.14). 
 
 
 
Figure 4-6 Mean abundance of Litoria verreauxii verreauxii in natural wetlands, farm 
dams and urban wetlands in five seasons (summer 2012-summer 2013) in Western 
Sydney, Australia (± S.E., n=6) 
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Table 4-13 A One Way Analysis of Variance of the mean abundance of Litoria 
verreauxii verreauxii in natural wetlands, farm dams and urban wetlands in five seasons 
(summer 2012-summer 2013) in Western Sydney, Australia 
Source Sum of Squares df Mean square F Sig. 
Between groups 0.190 2 0.095 4.022 0.019 
Within groups 6.322 267 0.024   
Total 6.513 269    
 
 
Table 4-14 A Tukey’s post hoc analysis of the mean abundance of Litoria verreauxii 
verreauxii between natural wetlands, farm dams and urban wetlands in five seasons 
(summer 2012-summer 2013) in Western Sydney, Australia 
Wetland 
type 
Wetland 
type 
Mean 
diff. 
Std. 
error 
Sig. Lower 
bound 
Upper 
bound 
Urban Natural -0.047 0.023 0.102 -0.101 0.007 
 Farm -0.062 0.023 0.019 -0.117 -0.008 
Natural Urban 0.047 0.023 0.102 -0.007 0.101 
 Farm -0.015 0.023 0.782 -0.069 0.038 
Farm Urban 0.062 0.023 0.019 0.008 0.116 
 Natural 0.015 0.023 0.782 -0.039 0.069 
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4.3.6 Chemical characteristics of wetlands 
 
Temperature (Figure 4.7) and dissolved oxygen (Figure 4.9) were similar in farm dams and 
natural wetlands but urban wetlands had a higher temperature and dissolved oxygen (Table 
4.15; 4.16)   
 
Salinity was the highest in farm dams and lowest in natural wetlands. Urban wetlands had a 
lower salinity than farm dams but higher than natural wetlands (Figure 4.8; Table 4.15; 4.16).  
 
pH was lower in natural wetlands than farm dams. pH was similar in urban wetlands and 
farm dams.  Natural wetlands had a similar pH to urban wetlands (Figure 4.10; Table 4.15; 
4.16).  
 
Farm dams had the deepest water and natural wetlands were the shallowest. The water in 
urban wetlands was deeper than in natural wetlands but not deeper than the water in farm 
dams (Figure 4.11; Table 4.15; 4.16).  
 
Turbidity was the lowest in farm dams and highest in urban wetlands. Natural wetlands had a 
higher turbidity than farm dams but this was not higher than urban wetlands (Figure 4.12; 
Table 4.15; 4.16).  
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Figure 4-10 Mean pH of natural wetlands, farm dams and 
urban wetlands in five seasons (summer 2012-summer 
2013) in Western Sydney, Australia (± S.E., n=6) 
 
Figure 4-9 Mean dissolved oxygen of natural wetlands, farm 
dams and urban wetlands in five seasons (summer 2012-
summer 2013) in Western Sydney, Australia (± S.E., n=6) 
 
Figure 4-8 Mean salinity of natural wetlands, farm dams 
and urban wetlands in five seasons (summer 2012-
summer 2013) in Western Sydney, Australia (± S.E., 
n=6) 
 
Figure 4-7 Mean temperature of natural wetlands, farm 
dams and urban wetlands in five seasons (summer 2012-
summer 2013) in Western Sydney, Australia (± S.E., n=6) 
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Figure 4-12 Mean turbidity of natural wetlands, farm dams and 
urban wetlands in five seasons (summer 2012-summer 2013) in 
Western Sydney, Australia (± S.E., n=6) 
 
Figure 4-11 Mean depth of natural wetlands, farm dams 
and urban wetlands in five seasons (summer 2012-summer 
2013) in Western Sydney, Australia (± S.E., n=6) 
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Table 4-15 Multivariate Analysis of Variance of the chemical wetland data between 
wetland sites of natural wetlands, farm dams and urban wetlands in five seasons 
(summer 2012-summer 2014) in Western Sydney, Australia 
Source Dependent 
Variable 
Type III Sum of 
Squares 
df Mean 
Square 
F Sig. 
Wetland Depth 31.728 2 15.864 142.442 0.000 
 Temperature 947.848 2 473.924 14.017 0.000 
 Salinity 85.239 2 42.620 40.335 0.000 
 DO 54711.224 2 27355.612 45.900 0.000 
 PH 3.579 2 1.790 3.888 0.021 
 Turbidity 9300041.666 2 4650020.833 130.891 0.000 
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Table 4-16 A Tukey’s post hoc analysis of the chemical wetland parameters  between natural wetlands, farm dams and urban wetlands 
in five seasons (summer 2012-summer 2013) in Western Sydney, Australia 
Dependent 
variable 
Wetland Wetland Mean 
difference 
Standard 
error 
Significance Lower bound Upper bound 
 
Depth Urban Natural 0.051 0.014 0.001 0.017 0.084 
  Farm -0.177 0.014 0.000 -0.210 -0.144 
 Natural Urban -0.051 0.014 0.001 -0.084 -0.017 
  Farm -0.228 0.014 0.000 -0.261 -0.195 
 Farm Urban 0.177 0.014 0.000 0.144 0.210 
  Natural 0.228 0.014 0.000 0.195 0.261 
Temperature Urban Natural 1.250 0.247 0.000 0.669 1.830 
  Farm 0.965 0.247 0.000 0.384 1.545 
 Natural Urban -1.250 0.247 0.000 -1.830 -0.669 
  Farm -0.285 0.247 0.482 -0.865 0.295 
 Farm Urban -0.965 0.247 0.000 -1.545 -0.384 
  Natural 0.285 0.247 0.482 -0.295 0.865 
Salinity Urban Natural 0.196 0.043 0.000 0.093 0.298 
  Farm -0.196 0.043 0.000 -0.299 -0.094 
 Natural Urban -0.196 0.043 0.000 -0.298 -0.093 
  Farm -0.390 0.043 0.000 -0.495 -0.290 
 Farm Urban 0.196 0.043 0.000 0.094 0.299 
  Natural 0.393 0.043 0.000 0.290 0.495 
DO Urban Natural 7.509 1.039 0.000 5.073 9.946 
  Farm 9.415 1.039 0.000 6.978 11.851 
 Natural Urban -7.509 1.039 0.000 -9.946 -5.073 
  Farm 1.905 1.039 0.159 -0.530 4.342 
 Farm Urban -9.415 1.039 0.000 -11.851 -6.978 
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Dependent 
variable 
Wetland Wetland Mean 
difference 
Standard 
error 
Significance Lower bound Upper bound 
 
  Natural -1.905 1.039 0.159 -4.342 0.530 
pH Urban Natural 0.040 0.028 0.346 -0.027 0.107 
  Farm -0.040 0.028 0.342 -0.108 0.027 
 Natural Urban -0.040 0.028 0.346 -0.107 0.027 
  Farm -0.080 0.028 0.015 -0.148 -0.012 
 Farm Urban 0.040 0.028 0.342 -0.027 0.108 
  Natural 0.080 0.028 0.015 0.012 0.148 
Turbidity Urban Natural 99.269 8.022 0.000 80.458 118.079 
  Farm 122.057 8.022 0.000 103.247 140.868 
 Natural Urban -99.269 8.022 0.000 -118.079 -80.458 
  Farm 22.788 8.022 0.013 3.978 41.599 
 Farm Urban -122.057 8.022 0.000 -140.86 -103.247 
  Natural -22.788 8.022 0.013 -41.599 -3.9780 
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4.3.7 Physical characteristics of wetlands 
 
The mean bank condition was lowest in farm dams but natural wetlands and urban wetlands 
had a similar bank condition (Figure 4.13; Table 4.17; 4.18).  
 
The mean surrounding vegetation was similar at farm dams and natural wetlands but was 
lower in urban wetlands (Figure 4.14; Table 4.17; 4.18).  
 
Human disturbance (Figure 4.15), hydrological disturbance (Figure 4.16) and the removal of 
fringing vegetation (Figure 4.19) was most evident at urban wetlands. Habitat potential 
(Figure 4.18) was also the lowest in urban wetlands. Farm dams had less human disturbance 
than urban wetlands, were less hydrologically modified, and had more fringing vegetation 
than urban wetlands. Farm dams also had a higher habitat potential. Natural wetlands 
remained the least disturbed and modified wetland type. Natural wetlands also retained the 
most fringing vegetation and had a higher habitat potential than farm dams and urban 
wetlands (Table 4.17; 4.18).  
 
Farm dams were more connected in the landscape than urban wetlands but were not as 
connected as natural wetlands (Figure 4.17; Table 4.17; 4.18).  
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Figure 4-13 Mean bank condition of natural 
wetlands, farm dams and urban wetlands in 
Western Sydney, Australia (± S.E., n=6) 
 
Figure 4-14 Mean surrounding vegetation of 
natural wetlands, farm dams and urban wetlands 
in Western Sydney, Australia (± S.E., n=6) 
Figure 4-16 Mean hydrological change of natural wetlands, 
farm dams and urban wetlands in Western Sydney, 
Australia (± S.E., n=6) 
Figure 4-15 Mean human disturbance of natural 
wetlands, farm dams and urban wetlands in 
Western Sydney, Australia (± S.E., n=6) 
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Figure 4-18 Mean habitat potential of natural wetlands, 
farm dams and urban wetlands in Western Sydney, 
Australia (± S.E., n=6) 
 
Figure 4-17 Mean connectivity of natural wetlands, farm dams 
and urban wetlands in Western Sydney, Australia (± S.E., n=6) 
Figure 4-19 Mean fringing vegetation of natural wetlands, 
farm dams and urban  wetlands in Western Sydney Australia 
(± S.E., n=6) 
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Table 4-17 A Multivariate Analysis of Variance of the physical wetland data between 
wetland sites of natural wetlands, farm dams and urban wetlands in Western Sydney, 
Australia 
Source Dependent 
Variable 
Type III Sum of 
Squares 
df Mean 
Square 
F Sig. 
Wetland Connectivity 31711.280 17 1865.369 68.557 0.000 
 
Human 
disturbance 
104147.857 17 6126.345 48.562 0.000 
 Vegetation 17641.247 17 1037.720 42.381 0.000 
 Habitat potential 30624.907 17 1801.465 65.343 0.000 
 
Hydrological 
change 
247856.429 17 14579.790 94.141 0.000 
 Bank condition 76150.561 17 4479.445 68.564 0.000 
 
Fringing 
vegetation 
49145.000 17 2890.882 39.839 0.000 
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Table 4-18 A Tukey’s post hoc analysis of the physical wetland parameters between natural wetlands, farm dams and urban wetlands in 
Western Sydney, Australia 
Dependent variable Wetland Wetland Mean difference Standard error Significance Lower bound  Upper bound 
 
Connectivity Urban Natural -22.783 1.179 0.000 -25.565 -20.002 
  Farm -5.853 1.179 0.000 -8.635 -3.071 
 Natural Urban 22.783 1.179 0.000 20.002 25.565 
  Farm 16.930 1.179 0.000 14.148 19.712 
 Farm Urban 5.853 1.179 0.000 3.071 8.635 
  Natural -16.930 1.179 0.000 -19.712 -14.148 
Human disturbance Urban Natural -44.642 2.183 0.000 -49.791 -39.493 
  Farm -21.071 2.183 0.000 -26.220 -15.922 
 Natural Urban 44.642 2.183 0.000 39.493 49.791 
  Farm 23.571 2.183 0.000 18.422 28.720 
 Farm Urban 21.071 2.183 0.000 15.922 26.220 
  Natural -23.571 2.183 0.000 -28.720 -18.422 
Surrounding vegetation Urban Natural -6.728 1.420 0.000 -10.076 -3.380 
  Farm -5.975 1.420 0.000 -9.323 -2.626 
 Natural Urban 6.728 1.420 0.000 3.380 10.076 
  Farm 0.753 1.420 0.856 -2.594 4.101 
 Farm Urban 5.975 1.420 0.000 2.626 9.323 
  Natural -0.753 1.420 0.856 -4.101 2.594 
Habitat potential Urban Natural -10.464 1.627 0.000 -14.301 -6.626 
  Farm 4.000 1.627 0.039 0.162 7.837 
 Natural Urban 10.464 1.627 0.000 6.626 14.301 
  Farm 14.464 1.627 0.000 10.626 18.301 
 Farm Urban -4.000 1.627 0.039 -7.837 -0.162 
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Dependent variable Wetland Wetland Mean difference Standard error Significance Lower bound  Upper bound 
 
  Natural -14.464 1.627 0.000 -18.301 -10.626 
Hydrological change Urban Natural -63.214 3.152 0.000 -70.648 -55.780 
  Farm -46.428 3.152 0.000 -53.862 -38.994 
 Natural Urban 63.214 3.152 0.000 55.780 70.648 
  Farm 16.785 3.152 0.000 9.351 24.219 
 Farm Urban 46.428 3.152 0.000 38.994 53.862 
  Natural -16.785 3.152 0.000 -24.219 -9.351 
Bank condition Urban Natural -.921 2.437 0.924 -6.668 4.825 
  Farm 22.403 2.437 0.000 16.656 28.150 
 Natural Urban 0.921 2.437 0.924 -4.825 6.668 
  Farm 23.325 2.437 0.000 17.578 29.071 
 Farm Urban -22.403 2.437 0.000 -28.150 -16.656 
  Natural -23.325 2.437 0.000 -29.071 -17.578 
Fringing vegetation Urban Natural -24.464 1.921 0.000 -28.994 -19.934 
  Farm -5.714 1.921 0.009 -10.244 -1.184 
 Natural Urban 24.464 1.921 0.000 19.934 28.994 
  Farm 18.750 1.921 0.000 14.219 23.280 
 Farm Urban 5.714 1.921 0.009 1.184 10.244 
  Natural -18.750 1.921 0.000 -23.280 -14.219 
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4.3.8 The DISTLM and DBRDA analysis of the physical and chemical parametres and frog 
biotic patterns 
 
Marginal tests indicated that there were six factors that were significant contributors to the 
variation in abundance among frog assemblages. Human disturbance made the strongest 
contribution (6.51%) followed by connectivity (5.80%), hydrological change (5.79%) and 
depth (4.51%). Temperature and pH contributed approximately 2.00%. All parameters were 
significantly linked to the variation of frog assemblages (p=<0.05) (Figure 4.20; Table 4.19). 
 
Sequential tests determined the contribution of each variable to the model. pH was the 
strongest (7.45%) followed by connectivity (4.51%). Depth, human disturbance and 
temperature contributed approximately 1.00% each to the model. Hydrological change 
contributed very little to the model (0.00%). These parameters explained 15.70% of the total 
variation of frog assemblages (Figure 4.20; Table 4.20). 
 
 
Figure 4-20 The dbRDA plot of the physiochemical properties as predictor variables 
with the frog biotic data
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Table 4-19 The marginal tests indicating the factors that were linked to variation in frog 
assemblages collected in five seasons (summer 2012-summer 2013) in natural wetlands, 
farm dams and urban wetlands in Western Sydney 
Variable SS 
(trace) 
Pseudo-F P Prop. 
Depth 15602 11.825 0.001 0.0451 
Temperature 9854.700 7.341 0.001 0.0285 
pH 9005.300 6.691 0.002 0.026 
Connectivity 19301 14.795 0.001 0.058 
Human disturbance 22494 17.413 0.001 0.065 
Hydrological change 20022 15.382 0.001 0.057 
 
 
Table 4-20 The sequential tests indicating the factors that were linked to variation in 
frog assemblages collected in five seasons (summer 2012-summer 2013) in natural 
wetlands, farm dams and urban wetlands in Western Sydney 
Variable R^2 SS(trace) Pseudo-
F 
P Prop. Culm. Res.df 
Connectivity 4.516 15602 11.825 0.001 0.045 0.045 250 
Depth 5.978 5049.500 3.871 0.018 0.014 0.059 249 
Temperature 7.415 4965.900 3.851 0.009 0.014 0.074 248 
pH 0.148 25743 21.622 0.001 0.074 0.148 247 
Human disturbance 0.159 3641 3.083 0.035 0.010 0.159 246 
Hydrological change 0.162 972.340 0.822 0.489 0.002 0.162 245 
 
 
4.3.9 Correlation of physical and chemical parameters with frog biotic patterns 
 
The physical and chemical parameters were combined to determine which habitat variables 
most influenced the frog assemblages in the wetland habitats. A model including water depth, 
temperature, connectivity, pH and human disturbance were identified in a BVstep analysis as 
the most influential factors on frog biotic patterns. The spearman’s correlation for the subset 
and the frog abundance data was p=0.130.  
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4.4 Discussion 
 
4.4.1 How important are farm dams? Their comparison to natural habitats  
 
Farm dams in the environment are advantageous to frog biodiversity (Casas et al. 2012). In 
this study, farm dams were able to support a similar diversity of frogs when compared to their 
natural counterparts (Figure 4.3). These results confirm those of Knuston et al. (1999, 2004), 
Hazell et al. (2004), Gagne and Fahrig (2007) and McNally et al. (2009). This is most likely 
because farm dams have been part of the landscape for many decades, evolving to form part 
of the landscape (Brainwood and Burgin, 2009), and the frog species that inhabit them are 
pre-adapted to deal with these habitats and are able to exploit them (Tyler and Watson, 1998). 
It was observed; however, that farm dams supported different assemblages of frogs to natural 
wetlands (Figure 4.4). They cannot, therefore, be considered as replacements for natural 
wetlands as farm dams are only suitable for some species of frogs (e.g. Lit. dentata; Lit. v. 
verreauxii).   
 
The most commonly encountered species in the current study, C. signifera, was also found to 
be the most commonly encountered in the farm dam study of Hazell et al. (2004). In this 
study, C. signifera was in higher abundance in natural wetlands than farm dams. These 
results are in contrast with the observations of Hazell et al. (2004) who found that this species 
showed no affinity to any particular habitat type. As with this study, Hamer and Parris, (2011) 
found similar distribution patterns for C. signifera between vegetated and un-vegetated sites. 
Crinia signifera has a wide distribution across South-Eastern Queensland, extending down 
the Eastern coast into Victoria. It is a generalist species (Anstis, 2002), and has the ability to 
occur in almost any habitat within its range (Cogger, 2014) and even in areas that have a 
substantial human presence. They are able to breed in small sites, such as flooded ditches, as 
well as in more permanent water bodies (Anstis, 2002).  
 
Hamer and Parris (2011) suggested that this species required terrestrial vegetative cover to 
thrive; however, the results of this study suggested that since this species is a generalist, its 
abundance was being reduced due to the higher predation rates in farm dams rather than 
individuals avoiding these habitats. 
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Since natural wetlands had the highest habitat complexity and the least human disturbance of 
any of the wetland types sampled in this study (i.e., natural wetlands, farm dams, urban 
wetlands), they provided for more sites for refuge and less behavioural disturbances, and 
possibly reduced rates of predation. Ferraro and Burgin (1993) found that the external trauma 
of frogs was higher in those disturbed, open habitats when compared to forested areas. They 
suggested this was due to higher rates of predation and also decreased vegetation refuge. This 
is also reflective of the current study. There was less vegetation coverage that could provide 
refuges for the frogs encountered in farm dams and, therefore, they are more likely to be 
predated on at farm dams than in the natural wetlands studied.  
 
In those farm dams that had steep banks, ground frogs (Myobatrachidae) were detected in 
lower abundance, as this was observed by Hodgkison et al. (2007). They suggested that these 
species are absent in steeper sided habitats because they cannot successfully emerge from the 
edge of the wetland. However, the bank morphology of the farm dams sampled was variable 
and species within this group were found to occur in the shallower of the farm dams. For 
example, U. laevigata mostly inhabited the shallower sided farm dams which were restricted 
to those farm dams that did not have steep banks. 
 
Natural wetlands supported a greater abundance of frogs than farm dams (Figure 4.2). In 
contrast, Hazell et al. (2004) reported that farm dams supported a similar abundance of frogs 
to natural wetlands. Likewise, Knuston et al. (1999) failed to find a negative influence of 
agriculture on frog abundance. Farm dams are; however, likely to support a reduced 
abundance of frogs because they are typically spatially smaller in size than natural wetlands 
(Hanski, 1994), and essentially there is simply not enough physical space for multiple species 
to co-exist (Parris, 2006). This is essentially reflected in the results of Hamer et al. (2012) 
whereby the abundance of some frog species, such as C. signifera, increased with the size of 
the wetland habitat.  
 
4.4.2 The effect on frog populations with urban development and the removal of farm dams 
 
Typically with the loss of farm dams for urbanisation there was a negative effect on frog 
diversity and abundance (Figure 4.2; 4.3). These results confirm the findings of others (e.g., 
Knuston et al. 1999; Hazel et al. 2004; Gagne and Fahrig, 2007; Johnson et al. 2012). 
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Some of the species observed to occur near farm dams were not found in urban wetlands; 
however, all of the species recorded in urban wetlands were also found in farm dams 
although they were present in higher abundance (Figure 4.1). Those that were entirely absent 
from urban wetlands, but found in farm dams, included C. parasignifera. This species breeds 
in shallow water that is ephemeral (Hero et al. 2004), and this was not characteristic of any of 
the urban wetlands in the study. Some farm dams provided these conditions where this 
species was found. While this species occurred only in farm dam sites with these attributes, 
many of them were also unsuitable for C. parasignifera due to their deeper water and steeper 
banks. This reflects the variable morphology of farm dams in the study, and thus their 
varying suitability for some species. Another species, Lit. latopalmata, was also absent from 
urban wetlands but recorded in farm dams. This species is a ‘suburban avoiding’ species 
(Hodgkison et al. 2007) and it is likely that this frog is able to find preferred habitat in farm 
dams but not in disturbed urban wetlands. This species, however, was not recorded in natural 
wetlands. It is likely that Lit. latopalmata is taking advantage of a suitable, high density 
wetland habitat that is readily available when compared to scarce natural wetlands in the 
Region.  
 
Other studies in Australia have found that urbanisation negatively affects the distribution of 
individual frog species. For example, the southern toadlet Pseudophryne semimarmorata was 
not found in the urban areas of Melbourne. Since it requires similar breeding conditions to C. 
parasignifera these conditions were found to be absent in Melbourne urban wetlands as these 
habitats were all permanent with deeper sides (Hamer and McDonnell, 2010). In the same 
study, the common spadefood toad Neobatrachus sudelli used shallow depressions in 
wetlands to successfully breed, and preferred to burrow into moist soil to avoid desiccation. 
Burrowing tends to be inhibited in urban areas; however, because of the greater areas of 
impervious surfaces than around farm dams (Hamer and McDonnell, 2010). In Pennsylvania 
[USA], Rubbo and Kiesecker, (2005) also found some species of frogs to be urban sensitive 
(e.g., Rana sylvatica). As a result species richness was lower in urban wetlands than in farm 
dams. 
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The species least affected by urbanisation was striped marsh frog Limnodynastes peronii. 
This indicated that the response of amphibians to urbanisation tends to be species specific, 
and attributable to the traits of individual species (Hamer and McDonnell, 2010). Comparing 
disturbed and undisturbed sites in Western Sydney, Ferraro and Burgin, (1993) and Schell 
and Burgin, (2003) also reported similar results. Hengl and Burgin, (2002) also found that 
Lim. peronii would successfully breed in urban gardens.  
 
Such species are considered resilient to urbanisation (Rubbo and Kiesecker, 2005) and the 
results of this study are agreement with this statement. Compared to other species observed 
during the study, Lim. peronii showed no adverse effects of urbanisation. Schell and Burgin, 
(2003) suggested that this species will often inhabit areas where there is a low species 
diversity, as has been found in the urban wetlands of this study, because, presumably, they 
are generally poor competitors under natural conditions. They therefore will persist in urban 
habitats that are unsuitable for a range of other species, even if these habitats are sub-optimal. 
 
Since ground frogs appear to avoid the farm dams with steep banks, this would reduce 
competition to tree frogs in farm dams as ground frogs are unable to emerge successfully 
from the deeper edges. Since the preferred habitat of tree frogs (Hylidae) occurs in farm dams 
they are able to occupy these niches in the absence of competition for resources from other 
frog species (Parris, 2006). The presence of farm dams in the environment is, therefore, 
conducive to the survival of tree frogs (Tyler and Watson, 1998). Litoria v. verreauxii was 
more abundant in farm dams than urban wetlands but was found in equivalent abundance in 
natural wetlands compared with farm dams. Those species present in lower abundance, such 
as Lit. dentata were also encountered more in farm dams than urban wetlands and Lit. 
latopalmata was only recorded in farm dams. Peron’s tree frog Litoria peronii was only 
slightly lower in number in farm dams than natural wetlands. As farm dams tend to have 
steeper banks, species with adhesive toe cups are more able to negotiate them than ground 
frogs (Parris, 2006).  
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4.4.3 The wetland habitat parameters that affect frog populations in natural wetlands, urban 
wetlands and farm dams 
 
Depth, temperature, pH, connectivity, human disturbance and hydrological change were 
linked to the variation in frog biotic assemblages. The factors that predominantly affected 
frog patterns of distribution in farm dams and wetlands were temperature (Figure 4.7), pH 
(Figure 4.10), depth (Figure 4.11), human disturbance (Figure 4.15) and connectivity (Figure 
4.17). Urbanisation is associated with increased human disturbance (Knuston et al. 1999) but 
this factor’s contribution was somewhat lower or of a different nature in farm dams. Of all 
the habitats, natural wetlands were the least disturbed. Natural wetlands also maintained a 
larger proportion of vegetation surrounding the wetland than farm dams and urban wetlands 
which acts as a buffer against such disturbance. This was also more mature vegetation which 
can affect the distribution of frogs (Ficetola et al. 2007). Natural wetlands were observed to 
retain a large proportion of mature vegetation; however, this was either absent or in remnant 
patches at urban and farmland sites and this may have influenced frog distribution.  
 
The parklands surrounding wetlands in urban areas are frequently used for recreation (Woods 
et al. 2003) and, in the current study these surrounding landscaped gardens were maintained 
for these purposes as opposed to biodiversity habitat. Frog abundance decreases with the 
proximity to recreational activities (Rodriguez-Preieto and Fernandez-Juricic, 2005) which 
was dominant at urban wetlands. Additionally, garden maintenance poses a significant threat 
to amphibians. For example, Dodson (2008) found frog populations were adversely affected 
with an increase in the proportion of lawn cover. When more than 30.00% of the habitat was 
dominated by lawn, frogs were not present as they lacked sufficient appropriate terrestrial 
habitat for refuge. Ferraro and Burgin, (1993) also found that with the reduction of over-
storey vegetation, frog abundance and diversity was negatively affected. With lawn 
maintenance, fallen leaf litter and dead bark are removed, therefore, the habitat complexity 
for frogs is somewhat compromised with human disturbance (Degraff and Rubis, 1990). In 
comparison, a large portion of the farm dams in the study were not frequently ‘managed’ in 
the manner that urban wetlands were. The surrounding area was not mowed and there was no 
regime of leaf litter, bark and log removal, at least not as intensively as was observed in 
association with urban wetlands. Their ‘landscaped’ appearance was, therefore, of much less 
concern, and human disturbance was lower around farm dams than in urban wetlands. 
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Some farm dam surroundings were not mowed and leaf litter and bark were allowed to 
accumulate in the environs of the wetland. Natural wetlands represented those that were 
chosen for their natural state and were thus not maintained for landscape purposes. These 
wetlands provided the most habitat complexity of all wetland types sampled.  
 
As they are focal points for recreation, the urban wetlands were frequently used for walking 
dogs. Frogs often respond to such human disturbance by exhibiting anti-predator responses. 
They are thus less tolerant of those areas where there is a high level of human presence and 
limited areas to seek refuge (Rodrigues-Preito and Fernandez-Juricic, 2005). Furthermore, pet 
cat/s Felis catus, common in urban areas, will also prey on amphibians (Barratt, 1997; Woods 
et al. 2003). Farm dams; however, were predominantly located in pasture paddocks which 
were infrequently visited by humans and domestic animals. Although, they were situated in 
paddocks where livestock were periodically kept, and this may have adversely affected frog 
populations (Jansen and Healey, 2003). It is hypothesised that frogs would behaviourally 
show similar anti-predator responses to humans that they show to domestic animals. Jansen 
and Healey, (2003) found that with grazing, wetland habitat condition declined. The most 
marked effect found in this study was in bank condition from cattle congregating on the 
wetland edge. This led to some pugging; however, this factor did not appear to affect frog 
populations to the degree imposed by human disturbance in urban wetlands. Dogs were rarely 
encountered at natural wetlands and they were not accessed by stock. 
 
Wetland connectivity can influence the occurrence of frogs in wetlands, particularly if the 
habitat is fragmented by land uses such as urbanisation and agriculture (Ficetola and De 
Bernadi, 2004). Connectivity among natural wetlands was the greatest of the three wetland 
types studied. Roads and tracks did not form significant barriers to connectivity in these sites 
compared to that found in urban wetlands. Farm dams; however, remained somewhat more 
connected than urban wetlands as they were frequently embedded in livestock or pasture 
paddocks away from major roads and some sites were only surrounded by minor tracks (e.g. 
walking tracks). These barriers to frog dispersal were also more prevalent in urban areas than 
rural wetlands in the USA (Rubbo and Kieseker, 2005). 
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Since frogs use multiple sites to complete their lifecycles they are prone to mortality as they 
move between aquatic and terrestrial habitats (Fellers and Kleeman, 2007; Eigenbrod et al. 
2008). Such barriers to frog dispersal have implications for their distribution as individuals 
are unable to migrate between populations (Rubbo and Kieseker, 2005). High mortality rates 
may reduce the populations of frog species as it is often breeding adults which are most 
affected (Knuston et al. 1999). For example, the effects of crossing roadways by frogs have 
been shown to be more severe than the removal of forest (Hels and Buchwald, 2001). This 
indicates that this is one of the more important factors that limit frog distribution within urban 
wetland environs.  
 
It has been suggested that some species, such as the threatened growling grass frog Litoria 
raniformis found in peri-urban regions of Melbourne, may become locally extinct in 
urbanised areas due to barriers against dispersal that roads impose (Hamer and McDonnell, 
2010). In the current study, such barriers would most likely be the outcome for the majority 
of frog species in urban wetlands, or at least the abundance of these species could be greatly 
reduced in the event of urbanisation of agricultural lands. Although traffic noise does not 
directly inhibit movement between habitats, it has been observed to affect frog abundance 
(Hoskin and Goosem, 2010). In the current study this could potentially have also influenced 
frog abundance and diversity in urban wetlands.  
 
The urban wetlands sampled were typically constructed as stormwater retention basins to 
ameliorate flooding issues associated with the increase of impervious surfaces in urban areas. 
This results in these wetlands being highly hydrologically modified as they possess 
stormwater drains to enable flow regulation into and out of the wetland. They also receive 
periodic flooding in high rainfall events. These wetlands are; however, designed to hold 
water permanently and are generally relatively deep compared to natural wetlands. Rubbo 
and Kieseker (2005) also found that urbanisation was associated with an increase in the 
permanency of wetlands. Farm dams were more variable in hydrology. Some were ephemeral 
and would dry out in low rainfall periods while others represented the deepest water habitats 
and held water permanently. Natural wetlands were generally ephemeral and were shallow 
and lacked relatively deep water sites and instead tended to be shallow depressions in the 
landscape. 
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The hydrologic regime of a wetland can influence the abundance and composition of the 
biota found within them (Strayer and Finlay, 2010), and may strongly influence the 
assemblages of amphibian larval communities found in these wetlands (Semlitsch, 2000; 
Hamer et al. 2002). Frogs prefer those habitats that are fish free (Ficetola and De Bernardi, 
2004). Those wetlands that do not hold water permanently eliminate predatory fish including 
the introduced mosquito fish Gambusia holbrooki and this was the situation for the natural 
wetlands of this study. Since these fish predate on frog eggs and fry, there was a higher 
abundance of tadpoles observed during wetland visits at natural wetlands. Furthermore, at 
some farm dams G. holbrooki was not detected. This was most likely due to the ephemeral 
nature of these dams and this was assumed to allow for a higher abundance of frogs at these 
dams compared to those wetlands that were deeper. All urban wetlands held water 
permanently and had a high abundance of G. holbrooki. As a consequence, overall, these 
wetlands represented a less attractive habitat than farm dams that were ephemeral, or natural 
wetlands.  
 
The ability of urban stormwater wetlands to collect urban runoff compromises their water 
quality and increases habitat degradation for amphibians, particularly in the larval phase 
(Brand et al. 2010). The urban wetlands had a higher temperature than farm dams and natural 
wetlands maintained the cooler temperatures, and although the pH in urban wetlands was 
similar to farm dams, the higher temperature coupled with pollutants, such as ammonia found 
in stormwater (Davis et al. 2001) may create eutrophic conditions (Boyer and Grue, 1994). 
These characteristics are also accompanied by diel fluctuations with dissolved oxygen levels 
that will rise and fall substantially (Miranda et al. 2001). These conditions can lead to shifts 
in the food webs of wetland ecosystems leading to higher trematode prevalence in 
amphibians, and possibly higher physical malformations (Johnson and Chase, 2004).  
 
Although eutrophic conditions have been observed in farm dams, for example, due to the 
accumulation of phosphorous from fertiliser application (Ruan and Gilkes, 1999), it is 
hypothesised that, at least in this study, these levels would be of less concern than the 
pollutants in urban runoff. This is because most of the farm dams were embedded in farmland 
that was not intensively cropped, and thus applications of fertilisers would be, at most, 
relatively low compared to the pollution that would likely accumulate in urban wetlands. 
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4.4.4 Management recommendations for urban habitats 
 
In urban environments there are several ways that wetland habitats could be improved for 
frog populations, particularly when agricultural land is developed for urbanisation. These 
include creating a buffer area around wetlands to provide areas of refuge for frogs to retreat 
to in non-breeding periods. These buffer zones have been found to be effective at widths of 
159-290 metres for a range of species (Semlitsch and Bodie 2003). This would also reduce 
the amount of mowing within the environs of the wetland. Additionally, these buffer zones 
would be beneficial to frogs if they also formed corridors between wetlands (Gibbons, 2003). 
This would facilitate frog movement between wetlands, increase connectivity among 
wetlands within the landscape and, in part, mitigate the negative effect that road construction 
may potentially have on frog populations.  
 
As the landscape shifts from rural to urban, typically the wetland mosaic changes from a 
relatively large number of wetlands within a cluster to fewer, more isolated wetlands. Ideally, 
the clustered farm dams in rural areas would be retained in the urbanising landscape for the 
conservation of frog communities (Gibbs, 2000). Semlitsch and Bodie (2001) argued that 
small wetlands are important for maintaining biodiversity, and for adding to connectivity 
within the landscape. The retention of these small farm dams in the landscape is, therefore, of 
importance for frog populations in a modified landscape.  
 
Since urban wetlands are created to collect stormwater, the retention of smaller farm dams in 
the landscape may increase the gradient of water quality. Although runoff into the frog 
habitats will still be yielded from urban areas, if these dams are retained in the landscape, 
they will probably collect water from catchments that occur within recreational parks, rather 
than from surrounding impervious surfaces as occurs most frequently in urban wetlands as 
this is often their primary purpose. By retaining these farm dams as smaller urban wetland 
areas, the gradient of water quality in the urban environments would likely increase such that 
frogs may find more suitable habitat than urban stormwater wetlands alone.  
 
Human disturbance is of considerable concern for frog populations in urban wetlands, and it 
is difficult to reduce, particularly since they will continue to be used for recreation. Public 
education about frog populations inhabiting these wetlands may yield a higher appreciation of 
these animals and their habitats.  
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With the resulting enhanced environmental awareness, recreationists may take greater caution 
in such areas. One way of achieving such community education is through local clubs, such 
as frog watching groups.  
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5.  The loss of macroinvertebrate biodiversity due to the 
removal of farm dams in urbanising Western Sydney 
 
5.1 Introduction 
 
Agricultural land use has been one of the leading causes for the destruction of half of the 
world’s wetlands (OECD, 1996). These wetlands have often been replaced with 
monocultures of crops and/or livestock pasture which has resulted in fragmentation of the 
natural habitat (Watson et al. 2005). Habitat loss and fragmentation is one of the leading 
causes of species decline across the world (e.g. Kerr and Deguise, 2004; Luck et al. 2004). 
Although agricultural systems are considered a predominately anthropogenically disturbed 
ecosystem (Callow and Smettem, 2009), agriculture has also accompanied the construction of 
many farm dams/ponds across the world, covering an estimated area of 76,830 km
2 
globally 
(Downing et al. 2006). They outnumber larger aquatic ecosystems at a ratio of 100:1 (Oertli 
et al. 2005). With this modification of the natural environment, new habitats may have been 
inadvertently created for biodiversity (Hazell et al. 2001) that may play a dual role in 
securing water for farm activities and as a conservation tool for biodiversity (Thiere et al. 
2009).  
 
Numerous studies have found farm dams to be habitat for a range of biodiversity, including 
macroinvertebrates (e.g. Cereghino et al. 2008; Thiere et al. 2009), and in some cases they 
have the ability to host rare and red listed species of macroinvertebrates (Nicolet et al. 2004). 
Across the globe, agricultural lands are increasingly under pressure, mostly attributable to 
urban encroachment (Fischer et al. 2012). As a consequence, significant numbers of farm 
dams/ponds have been lost from the landscape, for example in the United States [USA] 
(Fairchild et al. 2012), United Kingdom [UK] (Beebee, 1997; Boothby and Hull, 1997; Wood, 
2003; Jeffries, 2012), France (Curado et al. 2011), and Taiwan (Fang et al. 2009; Huang et al. 
2012). With the removal of these farm habitats, habitat loss has been documented to occur for 
those taxa that inhabit them (e.g. Curado et al. 2011). 
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Australian agriculture dates to early European settlement in the 1880s, and it has continually 
expanded since that time (Pollard, 2000) to become the basis of a major export industry. 
Overall, 60.00% of Australia’s land mass is dedicated to agriculture with predominant 
agricultural activities including sheep and cattle grazing for beef and dairy, together with 
various food crops such as wheat, fruit, and sugar cane (EWHA, 2010). One of the key issues 
facing farmers in Australia is to secure water resources, particularly as Australia is a drought 
prone country with an unpredictable rainfall (EWHA, 2010). As a consequence, water 
resource development has been ongoing for over 100 years (Arthington and Pusey, 2003; 
Kingsford, 2003), and Australia has the highest water storage per person in the world 
(Wasson et al. 1996; ABS, 2010). A large portion of this water is used for irrigation (National 
Land and Water Resources Audit, 2001) which is often held in farm dams (Lewis, 2002). 
These dams may have been constructed decades ago and have often evolved to form an 
ecological link in the landscape (Brainwood and Burgin, 2009); however they may also 
provide potential habitats for macroinvertebrates (Brainwood and Burgin, 2009; Markwell 
and Fellows, 2008).   
 
As with the global situation, farm dams in Australia are often threatened by urbanisation. 
These actions; however, are unregulated across the country and the actual losses to 
urbanisation have been unknown (Brainwood and Burgin, 2009). With a projected population 
expansion from 22.7 million in 2012 to between 36.8 and 48.3 million by 2061 (ABS, 2013) 
largely due to a rapidly expansion of urban and peri-urban populations, urban development 
will further encroach on the outer urban edges, which are already considered some of the 
most rapidly urbanising areas of Australia (Butt, 2011). With this expansion comes the 
potential removal of farm dams from the landscape.  
 
Limited studies in Australia have recognised that farm dams are habitat for 
macroinvertebrates. Those that have been undertaken have suggested that farm dams are 
significant habitat for these taxa in a modified environment (e.g. Markwell and Fellows, 
2008; Brainwood and Burgin, 2009). Despite these observations, their removal from the 
landscape with urbanisation, and the effects on macroinvertebrate biodiversity has received 
limited attention. Furthermore, farm dam regulation appears to be based on surface water 
harvesting, at least in New South Wales [NSW], as opposed to any potential that they may 
have as biodiversity habitat. Their removal from the landscape therefore is largely 
unregulated, particularly with urbanisation. 
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Macroinvertebrates represent good models for studies of biodiversity loss as they form 
significant links in the food chain, structuring links within the wetland environment. 
Additionally, they are excellent indicators for water quality condition, making them ideal 
models for such investigations (See Chessman, 2003).  
 
5.1.1 Aim of this chapter 
 
The aim of this chapter is to:  
 Investigate the significance of farm dams embedded in the agricultural landscape as 
potential habitat for macroinvertebrates. 
 Determine the changes in macroinvertebrate diversity, abundance, and assemblages 
that occur when the farm dams are removed and the landscape altered for 
urbanisation. These will be compared with those macroinvertebrates in pre-
agricultural (natural) wetlands.   
 Quantify the chemical and physical properties of wetlands in the study area including 
those within natural, agricultural and urban landscapes to give an insight into their 
habitat potential for macroinvertebrates and the effects of these parameters on 
macroinvertebrate populations. 
 
It is hypothesised that the abundance and diversity of macroinvertebrates will be lower in 
urban wetlands compared to farm dams and natural wetlands with farm dams supporting 
fewer pollution sensitive macroinvertebrates than natural wetlands. Wetland condition and 
water quality will play significant roles in the distribution of macroinvertebrates in these 
habitats.
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5.2 Methods 
 
5.2.1 Experimental design 
 
Wetlands were sampled for macroinvertebrates across three land use types within the study 
area; those situated within natural areas (natural wetlands), agricultural areas (farm dams) and 
urban centres (urban wetlands). A total of six of each wetland type was sampled from 
summer 2012 to summer 2013 not including winter. Three replicates were taken at each 
wetland within each season. The limited number of natural wetlands within an area and a lack 
of alternative sites meant that this category tended not to be randomly chosen but rather were 
the only available that fitted the pre-described criteria of those which best represented natural 
habitats (i.e. not heavily modified for human purposes). Access to farm dams was restricted 
to landholder’s agreement to participate in the research. There was no restriction on the use of 
urban wetlands, and those sampled were randomly chosen from among those available.  
 
5.2.1.1  Macroinvertebrate surveys 
 
A total of three (3) replicate samples were taken for each wetland in summer (2013), autumn, 
spring and summer (2014). Sampling was concentrated in the littoral zone as this was the 
most practical in terms of accessibility, but also due to the known productivity in this part of 
the wetland (Brock et al. 1999). Sampling was achieved by using a D frame kick net (500 
um) and moving the net in a sweeping motion through various habitat types for 5 minutes 
with the time divided between the predominant microhabitats present at the site (Nicolet et al. 
2004). Once the sample was collected in the net, the contents were emptied into a sealable zip 
lock bag (Hercules). These were stored in a cool place until they were taken to the laboratory. 
In the instance that the samples were not sorted in the laboratory the same day, they were 
stored in a refrigerator for no more than 12 hours.  
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The samples of macroinvertebrates were sorted in the laboratory and live picked. These were 
then preserved in 70.00% ethanol until identification. Identification was undertaken with the 
use of a specimen microscope and macroinvertebrates were identified to genus level where 
possible. 
 
5.2.2  Physical parameters 
 
A measure of wetland health was determined using the criteria set out in the Wetland Care 
Australia’s Assessment Manual for Australian Wetlands (Price et al. 2008). The methods for 
open freshwater wetlands were utilised as there was no specific method for artificial wetlands. 
This was confirmed to be the appropriate approach by Ms Cassie Price, Wetland Care 
Australia. The measures of wetland health that were taken at each wetland in the study are 
shown in Table 5.1.  
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Table 5-1 The physical parameters that were measured using the Wetland Care 
Assessment for Australian Wetlands in natural wetlands, farm dams and urban 
wetlands 
Physical parameter Components of the parameter 
Connectivity Proximity to adjacent wetland 
Surrounding roads 
Area of the wetland 
Adjacent land use 
Human disturbance Grazing 
Presence of dead trees 
Recent fires 
Signs of siltation 
Signs of polluted water 
Dead trees present 
Weeds 
Rubbish 
Recent clearing 
Drains in/out of the wetland 
Signs of domestic animals 
Signs of feral animals 
Dead/wounded animals 
Plant and bark removal 
Boat and vehicle damage 
Associated vegetation Diversity 
Number of species 
Presence of weeds 
Habitat index Presence of forest structure/layers 
Fallen branches/ trees 
Standing dead trees 
Large Hollows (trunk) 
Small Hollows (branches) 
Decorticating Bark 
Snags/ Rocks (aquatic habitat) 
Leaf Litter or debris 
Shells 
Burrows 
Floating Aquatic Plants 
Submergent Aquatic Plants 
Emergent Aquatic Plants 
Signs of fauna activity parameters 
 
Hydrological change or tidal restriction Alterations and changes to the wetland 
Presence of structures 
Indicators that vegetation is affected by hydrological 
change 
Fringing vegetation Diversity 
Number of species 
Presence of weeds 
The width of the vegetation 
Bank condition Signs of pugging 
Signs of erosion 
The gradient of the bank 
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5.2.3 Chemical parameters 
 
On each sampling occasion, four randomly chosen points in the wetland were used to take ten 
readings. Basic chemical parameters (see Table 5.2) of the wetland were measured with a 
Yeokal 615 Water Quality Analyser (Yeokal Electronics, Brookvale, NSW). The probe of the 
analyser was placed in the water approximately 30 cm from the water’s edge. To allow for 
any disturbance of the sediment to settle, sampling was not undertaken for approximately two 
minutes. Once these were collected they were downloaded using the Yeokal615 software into 
Microsoft Word for recording for analyses.  
 
 
Table 5-2 The chemical parameters measured at each wetland sampled for 
macroinvertebrates in natural, agricultural and urban landscapes in Western Sydney, 
Australia 
Parameter Measurement 
Depth Meters (m) 
Temperature degrees Celsius (
o
C) 
Salinity Parts per thousand (ppt) 
Dissolved oxygen % saturation (% sat) 
pH pH  
Turbidity Nephelometric turbidity units (ntu) 
 
 
5.2.4 Data analysis 
 
A One Way Analysis of Variance (ANOVA) was conducted for the abundance and diversity 
of macroinvertebrates for each land use type. A Tukey’s post-hoc test was utilised to identify 
specific differences between wetland types in the IBM Statistical Packages for the Social 
Science (SPSS) 20.  
 
PRIMERv6 with PERMANOVA were used to analyse the overall family level assemblages 
of macroinvertebrates. All groups remained untransformed aside from Hydrozoa, Bivalvia 
and Lepidoptera which were fourth root transformed. A 2d non-metric multi-dimensional 
scaling (MDS) ordination was created to visually represent the data. Stress levels of the MDS 
were interpreted as follows: < 0.05 = an excellent representation of the data, < 0.1 = a good 
representation of the data, < 0.2 = a useful plot although the results should be considered with 
caution, and > 0.3 = not an ideal representation of the data (Clarke and Warrick, 2001). 
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A PERMANOVA test was undertaken utilising a one way design of wetland type. Post hoc 
pairwise tests were used to confirm the differences between wetland groups. To determine the 
contributions of similarity within wetland groups and the dominant species within the 
assemblages, a SIMPER analysis was undertaken in PRIMERv6. To identify further patterns 
in community assemblages, individual order level analysis were undertaken on the groups 
that were collected. These were analysed by creating an MDS ordination to visually represent 
the data and utilising PERMANOVA in the same manner as for the overall family 
assemblage analysis.  
 
The physiochemical parameters were also analysed in SPSS 20 by utilising a Multivariate 
Analysis of Variance (MANOVA). A Tukey’s post hoc test identified specific differences in 
the parametres between wetland types.  The DISTLM procedure was utilised to determine 
which parametres were linked to the macroinvertebrate data. Those non-significant 
parametres were omitted from the final model. A DBRDA plot was utilised to visually 
represent this data. The strongest correlation of the physiochemical data and the 
macroinvertebrate assemblages were determined using a BVstep analysis in PRIMERv6. The 
BVstep utilises a forwards and backwards stepping approach that best match the selection of 
biotic and abiotic data (Clarke and Warrick, 2001).
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5.3 Results 
 
A total of 68 families of macroinvertebrates were collected. The richest order was Coleoptera 
which contained 51 genera followed by Diptera which comprised 38 genera. The least richest 
order was Turbellaria with one genus. The number of individuals collected at each site ranged 
from 2 to 1004. A large portion of macroinvertebrates families were collected from natural 
wetlands (71.25%), farm dams (63.05%), and urban sites were lower than both farm dams 
and natural wetlands (31.00%).  
 
5.3.1 Abundance of macroinvertebrates 
 
Farm dams had a similar abundance of macroinvertebrates as natural wetlands. Urban 
wetlands had a lower abundance of macroinvertebrates than farm dams and natural wetlands 
(Figure 5.1; Table 5.3; 5.4).  
 
Figure 5-1 Mean abundance of macroinvertebrates in natural wetlands, farm dams and 
urban wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, 
Australia (± S.E., n=6) 
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Table 5-3 A One Way Analysis of Variance of the mean abundance of 
macroinvertebrates in natural wetlands, farm dams and urban wetlands in four seasons 
(summer 2012-summer 2013) in Western Sydney, Australia 
Source Sum of 
Squares 
df Mean square F Sig. 
Between groups 11.278 2 5.639 12.735 0.000 
Within groups 94.313 213 0.443   
Total 105.591 215    
 
 
Table 5-4 A Tukey’s post hoc analysis of the mean abundance of macroinvertebrates 
between natural wetlands, farm dams and urban wetlands in four seasons (summer 
2012-summer 2013) in Western Sydney, Australia 
Wetland 
type 
Wetland 
type 
Mean 
diff. 
Std. 
error 
Sig. Lower 
bound 
Upper 
bound 
Urban Natural -0.461 0.111 0.000 -0.723 -0.199   
 Farm -0.506 0.111 0.000 -0.768 -0.244   
Natural urban 0.461 0.111 0.000 0.199 0.723   
 Farm -0.045 0.111 0.914 -0.307 0.217   
Farm urban 0.506 0.111 0.000 0.244 0.768   
 Natural 0.045 0.111 0.914 -0.217 0.307   
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5.3.2 Diversity of macroinvertebrates 
 
Farm dams and natural wetlands had similar macroinvertebrate diversity. Urban wetlands had 
a lower diversity than natural wetlands and farm dams (Figure 5.2; Tables 5.5; 5.6).  
 
 
 
Figure 5-2 Mean diversity of macroinvertebrates in natural wetlands, farm dams and 
urban wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, 
Australia (± S.E., n=6) 
 
 
Table 5-5  A One Way Analysis of Variance of the mean diversity of macroinvertebrates 
in natural wetlands, farm dams and urban wetlands in four seasons (summer 2012-
summer 2013) in Western Sydney, Australia 
Source Sum of 
Squares 
df Mean square F Sig. 
Between groups 662.926 2 331.463 11.021 0.000 
Within groups 6405.889 213 30.075   
Total 7068.815 215    
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Table 5-6 A Tukey’s post hoc analysis of the mean diversity of macroinvertebrates 
between natural wetlands, farm dams and urban wetlands in four seasons (summer 
2012-summer 2013) in Western Sydney, Australia 
Wetland 
type 
Wetland 
type 
Mean 
diff. 
Std. 
error 
Sig. Lower 
bound 
Upper 
bound 
Urban Natural -4.167 0.914 0.000 -6.324 -2.009   
 Farm -2.972 0.914 0.004 -5.130 -0.815   
Natural Urban 4.167 0.914 0.000 2.009 6.324   
 Farm 1.194 0.914 0.393 -0.963 3.352   
Farm Urban 2.972 0.914 0.004 0.815 5.130   
 Natural -1.194 0.914 0.393 -3.352 0.963   
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5.3.3 Macroinvertebrate assemblages 
 
The assemblages of macroinvertebrates differed between natural wetlands, farm dams, and 
urban wetlands (Figure 5.3). All groups were significantly different (Tables 5.7; 5.8).  
 
The MDS did not produce a clustered graph because it has a stress level of 0.18 after 16 
iterations at two dimensions. In this case, total interpretation of the MDS cannot be relied 
upon. This is considered not an ideal representation of the data, hence it is most likely that 
this is attributable to the indistinct patterns of macroinvertebrates exhibited (Figure 5.3).  
 
 
 
Figure 5-3 Assemblages of macroinvertebrates in natural wetlands, farm dams and 
urban wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, 
Australia. Data is untransformed (n=6) 
 
 
Table 5-7 PERMANOVA analysis of the macroinvertebrate assemblages in natural 
wetlands, farm dams and urban wetlands in four seasons (summer 2012-summer 2013) 
in Western Sydney, Australia 
Source df SS MS Pseudo-F p Unique perms 
Wetland   2 35766  17883   5.3088   0.001    999 
Residual 213 7.175 3368.600                         
Total 215 7.533                        
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Table 5-8 Pairwise PERMANOVA analysis of macroinvertebrate assemblages between 
wetland groups of natural wetlands, farm dams and urban wetlands in four seasons 
(summer 2012-summer 2013) in Western Sydney, Australia 
Groups t P Perms 
Urban, Natural 2.706   0.001    998 
Urban, Farm 2.461   0.001    996 
Natural, Farm 1.641   0.004    998 
 
 
Tables 5.9, 5.10 and 5.11 list the families that contributed to similarity within wetland 
groups. Within wetland similarity ranged from 7.95% (urban wetlands) to 15.03% (natural 
wetlands). All wetlands were typified by Chironomidae which contributed approximately 40-
50.00% of the similarity in the wetlands. Urban and farm dams were then characterised by 
Corixidae and natural wetlands by Dytiscidae.  
 
 
Table 5-9 The similarity of wetland groups by individual species by SIMPER in urban 
wetlands in five seasons (summer 2012-summer 2013) in Western Sydney, Australia 
Species Av. Ab Av. sim Sim/SD Cont. (%) Cum. Cont. (%) 
Chironomidae 5.89 3.53 0.35 44.40 44.40 
Corixidae 0.51 1.17 0.22 14.76 59.17 
Notonectidae 1.26 0.84 0.16 10.59 69.75 
Naididae 1.22 0.36 0.22 4.49 74.24 
Coenagrionidae 2.24 0.36 0.21 4.47 78.71 
Planorbidae 1.15 0.35 0.11 4.42 83.13 
Leptoceridae 1.14 0.19 0.15 2.45 85.58 
Dytiscidae 0.29 0.18 0.11 2.26 87.84 
Physidae 0.36 0.15 0.10 1.85 89.69 
Belostomatidae 0.13 0.13 0.07 1.63 91.32 
 
 
Table 5-10 The similarity of wetland groups by individual species by SIMPER in 
natural wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, 
Australia 
Species Av. Ab Av. sim Sim/SD Cont. (%) Cum. Cont. (%) 
Chironomidae 12.74 7.46 0.66 49.63 49.63 
Dytiscidae 3.51 1.63 0.51 10.82 60.45 
Hydrophilidae 2.08 1.20 0.43 7.96 68.41 
Leptoceridae 1.74 0.76 0.41 5.02 73.43 
Corixidae 3.31 0.71 0.31 4.75 78.18 
Notonectidae 3.28 0.65 0.32 4.33 82.51 
Atyidae 7.79 0.48 0.14 3.17 85.68 
Hydraenidae 0.90 0.25 0.24 1.66 87.35 
Libellulidae 0.42 0.25 0.20 1.64 88.99 
Scirtidae 0.65 0.23 0.22 1.54 90.53 
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Table 5-11 The similarity of wetland groups of individual species by SIMPER in farm 
dams in four seasons (summer 2012-summer 2013) in Western Sydney, Australia 
Species Av. Ab Av. sim Sim/SD Cont. (%) Cum. Cont. (%) 
Chironomidae 12.21 6.06 0.60 51.56 51.56 
Corixidae 6.81 0.89 0.24 7.61 59.16 
Dytiscidae 1.35 0.70 0.30 5.98 65.15 
Notonectidae 2.53 0.58 0.24 4.93 70.08 
Coenagrionidae 1.90 0.40 0.22 3.38 73.45 
Belostomatidae 1.39 0.39 0.18 3.28 76.74 
Naidae 1.79 0.34 0.25 2.92 79.66 
Naucoridae 0.78 0.33 0.18 2.78 82.44 
Atyidae 13.40 0.29 0.10 2.47 84.91 
Ceratopogonidae 1.26 0.22 0.22 1.89 86.81 
Dugesiidae 0.85 0.15 0.16 1.29 88.09 
Lycosidae 0.35 0.15 0.10 1.27 89.36 
Physidae 2.11 0.15 0.14 1.25 90.61 
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5.3.4 Individual (order level) distribution of macroinvertebrates in natural wetlands, farm 
dams and urban wetlands 
 
5.3.4.1 Gastropoda assemblages 
 
The assemblages of Gastropoda were different between farm dams and natural wetlands. 
Farm dams and urban wetlands were not significantly different while urban and natural 
wetlands were also not significantly different (Figure 5.4; 5.5 Table 5.12; 5.13).  
 
 
 
Figure 5-4 Assemblages of Gastropoda in natural wetlands, farm dams and urban 
wetlands in five seasons (summer 2012-summer 2013) in Western Sydney, Australia. 
Data is untransformed (n=6)
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Figure 5-5 Mean abundance of Gastropoda in natural wetlands, farm dams and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia (± 
S.E., n=6) 
 
 
Table 5-12 PERMANOVA analysis of the Gastropoda assemblages in natural wetlands, 
farm dams and urban wetlands in four seasons (summer 2012-summer 2013) in 
Western Sydney, Australia 
Source df SS MS Pseudo-F p Unique perms 
Wetland 2 4457.200 2228.600 2.623 0.010 998 
Residual 213 1.809 849.610    
Total 215 1.854     
 
 
Table 5-13 Pairwise PERMANOVA analysis of Gastropoda assemblages between 
wetland groups of natural wetlands, farm dams, and urban wetlands in four seasons 
(summer 2012-summer 2013) in Western Sydney, Australia 
Groups t p Perms 
Urban, natural 1.612 0.054 996 
Urban, farm 1.487 0.069 999 
Natural, farm 1.785 0.023 999 
 
0
1
2
3
4
5
6
7
8
Natural Farm Urban
M
ea
n
 G
a
st
ro
p
o
d
a
 a
b
u
n
d
a
n
ce
 
Land use 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
135 
 
5.3.4.2 Turbellaria assemblages 
 
The assemblages of Turbellaria were not significantly different (Figure 5.6; 5.7; Table 5.14).  
 
 
 
Figure 5-6 Assemblages of Turbellaria found in natural wetlands, farm dams, and 
urban wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, 
Australia. Data is untransformed (n=6)
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
136 
 
 
Figure 5-7 Mean abundance of Turbellaria in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia (± 
S.E., n=6) 
 
 
Table 5-14 PERMANOVA analysis of the Turbellaria assemblages in natural wetlands, 
farm dams and urban wetlands in four seasons (summer 2012-summer 2013) in 
Western Sydney, Australia 
Source df SS MS Pseudo-F p Unique perms 
Wetland 2 1787.900 893.950 2.410 0.050 996 
Residual 213 79137 371.540    
Total 215 80925     
0
1
2
3
4
5
6
Natural Farm Urban
M
ea
n
 T
u
b
el
la
ri
a
 a
b
u
n
d
a
n
ce
 
Land use 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
137 
 
5.3.4.3 Hydrozoa assemblages 
 
The assemblages of Hydrozoa were not significantly different (Figure 5.8; 5.9; Table 5.15).  
 
 
 
Figure 5-8 Assemblages of Hydrozoa in natural wetlands, farm dams and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia. 
Data is fourth root transformed (n=6) 
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Figure 5-9 Mean abundance of Hydrozoa in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia (± 
S.E., n=6) 
 
 
Table 5-15 PERMANOVA analysis of the Hydrozoa assemblages in natural wetlands, 
farm dams, and urban wetlands in four seasons (summer 2012-summer 2013) in 
Western Sydney, Australia 
Source df SS MS Pseudo-F p Unique perms 
Wetland 2 48.302 24.151 1.115 0.537 4 
Residual 213 4612 21.653    
Total 215 4660.300     
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5.3.4.4 Bivalvia assemblages 
 
The assemblages of Bivalvia were not significantly different (Figure 5.10; 5.11; Table 5.16).  
 
 
 
Figure 5-10 Assemblages of Bivalvia in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia. 
Data is fourth root transformed (n=6) 
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Figure 5-11 Mean abundance of Bivalvia in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia (± 
S.E., n=6) 
 
 
Table 5-16 PERMANOVA analysis of the Bivalvia assemblages in natural wetlands, 
farm dams, and urban wetlands in four seasons (summer 2012-summer 2013) in 
Western Sydney, Australia 
Source df SS MS Pseudo-F p Unique perms 
Wetland 2 150.790 75.397 1.424 0.298 20 
Residual 213 11276 52.939    
Total 215 11427     
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5.3.4.5  Hirudena assemblages 
 
The assemblages of Hirudena were not significantly different (Figure 5.12; 5.13; Table 5.17).  
 
 
 
Figure 5-12 Assemblages of Hirudena in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia. 
Data is untransformed (n=6)
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Figure 5-13 Mean abundance of Hirudena in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia (± 
S.E., n=6) 
 
 
Table 5-17 PERMANOVA analysis of the Hirudena assemblages in natural wetlands, 
farm dams, and urban wetlands in four seasons (summer 2012-summer 2013) in 
Western Sydney, Australia 
Source df SS MS Pseudo-F p Unique perms 
Wetland 2 625 312.500 0.818 0.580 999 
Residual 213 81323 381.800    
Total 215 81948     
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5.3.4.6 Oligochaeta assemblages 
 
The assemblages of Oligochaeta were significantly different between natural and farm dams. 
Urban wetlands were similar to natural wetlands and farm dams (Figure 5.14; 5.15; Tables 
5.18; 5.19).  
 
 
 
Figure 5-14 Assemblages of Oligochaeta in natural wetlands, farm dams and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia. 
Data is untransformed (n=6) 
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Figure 5-15 Mean abundance of Oligochaeta in natural wetlands, farm dams, and 
urban wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, 
Australia (± S.E., n=6) 
 
 
Table 5-18 PERMANOVA analysis of the Oligochaeta assemblages in natural wetlands, 
farm dams, and urban wetlands in four seasons (summer 2012-summer 2013) in 
Western Sydney, Australia 
Source df SS MS Pseudo-
F 
p Unique 
perms 
Wetland 2 3676.200 1838.100 2.204 0.017 998 
Residual 213 1.776 833.880    
Total 215 1.813     
 
 
Table 5-19 Pairwise PERMANOVA analysis of Oligochaeta assemblages between 
wetland groups of natural wetlands, farm dams, and urban wetlands in four seasons 
(summer 2012-summer 2013) in Western Sydney, Australia 
Groups t p Perms 
Urban, natural 1.021 0.405 999 
Urban, farm 1.502 0.050 999 
Natural, farm 1.760 0.014 998 
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5.3.4.7 Araneae assemblages 
 
The assemblages of Araneae were not significantly different between natural wetlands, farm 
dams and urban wetlands (Figure 5.16; 5.17; Table 5.20).   
 
 
 
Figure 5-16 Assemblages of Aranea in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia. 
Data is untransformed (n=6)
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Figure 5-17 Mean abundance of Aranea in natural wetlands, farm dams and, urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia (± 
S.E., n=6) 
 
 
Table 5-20 PERMANOVA analysis of the Aranea assemblages in natural wetlands, 
farm dams, and urban wetlands in four seasons (summer 2012-summer 2013) in 
Western Sydney, Australia 
Source df SS MS Pseudo-
F 
p Unique 
perms 
Wetland 2 1249.50 624.77 1.335 0.241 999 
Residual 213 99709 468.12    
Total 215 1.009     
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5.3.4.8 Decapoda assemblages 
 
Urban wetlands had a significantly different assemblage of Decapoda than farm dams and 
natural wetlands. Farm dams and natural wetlands displayed similar assemblages (Figure 
5.18; 5.19; Table 5.21; 5.22).  
 
 
 
Figure 5-18 Assemblages of Decapoda in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia. 
Data is untransformed (n=6) 
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Figure 5-19 Mean abundance of Decapoda in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia (± 
S.E., n=6) 
 
 
Table 5-21 PERMANOVA analysis of the Decapoda assemblages in natural wetlands, 
farm dams, and urban wetlands in four seasons (summer 2012-summer 2013) in 
Western Sydney, Australia 
Source df SS MS Pseudo-
F 
p Unique 
perms 
Wetland 2 7954.900 3977.500 3.831 0.005 999 
Residual 213 2.211 1038.100    
Total 215 2.291     
 
 
Table 5-22 Pairwise PERMANOVA analysis of Decapoda assemblages between wetland 
groups of natural wetlands, farm dams, and urban wetlands in four seasons (summer 
2012-summer 2013) in Western Sydney, Australia 
Groups t p Perms 
Urban, natural 2.607 0.002 999 
Urban, farm 2.606 0.007 999 
Natural, farm 1.201 0.183 999 
0
5
10
15
20
25
Natural Farm Urban
M
ea
n
 D
ec
a
p
o
d
a
 a
b
u
n
d
a
n
ce
 
Land use 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
149 
 
5.3.4.9 Coleoptera assemblages 
 
The assemblages of Coleoptera were significantly different between natural wetlands, farm 
dams and urban wetlands (Figure 5.20; 5.21; Table 5.23; 5.24).  
 
 
 
Figure 5-20 Assemblages of Coleoptera in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia. 
Data is untransformed (n=6) 
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Figure 5-21 Mean abundance of Coleoptera in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia (± 
S.E., n=6) 
 
 
Table 5-23 PERMANOVA analysis of the Coleoptera assemblages in natural wetlands, 
farm dams, and urban wetlands in four seasons (summer 2012-summer 2013) in 
Western Sydney, Australia 
Source df SS MS Pseudo-
F 
p Unique 
perms 
Wetland   2  34138  1707   9.096   0.001    999 
Residual 213 3.997 1876.500                         
Total 215 4.338                   
 
 
Table 5-24 Pairwise PERMANOVA analysis of Coleoptera assemblages between 
wetland groups of natural wetlands, farm dams, and urban wetlands in four seasons 
(summer 2012-summer 2013) in Western Sydney, Australia 
Groups t p Perms 
Urban, Natural  4.009   0.001    998 
Urban, Farm 1.822   0.005    998 
Natural, Farm   2.618   0.001        998 
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5.3.4.10 Diptera assemblages 
 
The assemblages of Diptera were similar in farm dams and natural wetlands. The 
assemblages of urban wetlands were significantly different from farm dams and natural 
wetlands (Figure 5.22; 5.23; Table 5.25; 5.26).  
 
 
 
Figure 5-22 Assemblages of Diptera in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia. 
Data is untransformed (n=6) 
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Figure 5-23 Mean abundance of Diptera  in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia (± 
S.E., n=6) 
 
 
Table 5-25 PERMANOVA analysis of the Diptera assemblages in natural wetlands, 
farm dams and urban wetlands in four seasons (summer 2012-summer 2013) in 
Western Sydney, Australia 
Source df SS MS Pseudo-
F 
p Unique 
perms 
Wetland 2 25714 12857 4.846 0.001 998 
Residual 213 5.651 2653.100    
Total 215 5.908     
 
 
Table 5-26 Pairwise PERMANOVA analysis of Diptera assemblages between wetland 
groups of natural wetlands, farm dams, and urban wetlands in four seasons (summer 
2012-summer 2013) in Western Sydney, Australia 
Groups t p Perms 
Urban, natural 2.695 0.001 998 
Urban, farm 2.631 0.001 996 
Natural, farm 1.004 0.402 998 
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5.3.4.11 Ephemeroptera assemblages 
 
The assemblages of Ephemeroptera in natural wetlands and farm dams were similar. The 
assemblages of urban wetlands were significantly different from farm dams and natural 
wetlands (Figure 5.24; 5.25; Table 5.27; 5.28).  
 
 
 
Figure 5-24 Assemblages of Ephemeroptera in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia. 
Data is untransformed (n=6) 
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Figure 5-25 Mean abundance of Ephemeroptera in natural wetlands, farm dams, and 
urban wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, 
Australia (± S.E., n=6) 
 
 
Table 5-27 PERMANOVA analysis of the Ephemeroptera assemblages in natural 
wetlands, farm dams, and urban wetlands in four seasons (summer 2012-summer 2013) 
in Western Sydney, Australia 
Source df SS MS Pseudo-
F 
p Unique 
perms 
Wetland 2 2835.300 1417.600 3.741 0.002 999 
Residual 213 80718 378.960    
Total 215 83554     
 
 
Table 5-28 Pairwise PERMANOVA analysis of Ephemeroptera assemblages between 
wetland groups of natural wetlands, farm dams, and urban wetlands in four seasons 
(summer 2012-summer 2013) in Western Sydney, Australia 
Groups t p Perms 
Urban, natural 2.519 0.001 553 
Urban, farm 2.015 0.018 183 
Natural, farm 1.439 0.102 965 
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5.3.4.12 Hemiptera assemblages 
 
The assemblages of Hemiptera were significantly different between natural wetlands, farm 
dams, and urban wetlands (Figure 5.26; 5.27; Table 5.29; 5.30).  
 
 
 
Figure 5-26 Assemblages of Hemiptera in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia. 
Data is untransformed (n=6)
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Figure 5-27 Mean abundance of Hemiptera in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia (± 
S.E., n=6) 
 
 
Table 5-29 PERMANOVA analysis of the Hemiptera assemblages in natural wetlands, 
farm dams, and urban wetlands in four seasons (summer 2012-summer 2013) in 
Western Sydney, Australia 
Source df SS MS Pseudo-
F 
p Unique 
perms 
Wetland 2 26938 13469 5.502 0.001 998 
Residual 213 5.214 2447.80    
Total 215 5.483     
 
 
Table 5-30 Pairwise PERMANOVA analysis of Hemiptera assemblages between 
wetland groups of natural wetlands, farm dams, and urban wetlands in four seasons 
(summer 2012-summer 2013) in Western Sydney, Australia 
Groups t p Perms 
Urban, natural 2.338 0.003 997 
Urban, farm 2.902 0.001 998 
Natural, farm 1.866 0.003 999 
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5.3.4.13 Lepidoptera assemblages 
 
The assemblages of Lepidoptera were not significantly different between natural wetlands, 
farm dams, and urban wetlands (Figure 5.28; 5.29; Table 5.31).  
 
 
 
Figure 5-28 Assemblages of Lepidoptera in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia. 
Data is fourth root transformed (n=6) 
 
 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
158 
 
 
Figure 5-29 Mean abundance of Lepidoptera in natural wetlands, farm dams, and 
urban wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, 
Australia (± S.E., n=6) 
 
 
Table 5-31 PERMANOVA analysis of the Lepidoptera assemblages in natural wetlands, 
farm dams, and urban wetlands in four seasons (summer 2012-summer 2013) in 
Western Sydney, Australia 
Source df SS MS Pseudo-
F 
p Unique 
perms 
Wetland 2 1352.900 676.470 2.464 0.050 999 
Residual 213 58478 274.540    
Total 215 59830     
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5.3.4.14 Odonata assemblages 
 
The assemblages of Odonata were similar in farm dams, and urban wetlands. Urban wetlands 
and farm dams were significantly different from natural wetlands (Figure 5.30; 5.31; Table 
5.32; 5.33).  
 
 
Figure 5-30 Assemblages of Odonata in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia. 
Data is untransformed (n=6) 
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Figure 5-31 Mean abundance of Odonata in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia (± 
S.E., n=6) 
 
 
Table 5-32 PERMANOVA analysis of the Odonata assemblages in natural wetlands, 
farm dams, and urban wetlands in four seasons (summer 2012-summer 2013) in 
Western Sydney, Australia 
Source df SS MS Pseudo-
F 
p Unique 
perms 
Wetland 2 9005.900 4502.900 3.082 0.001 999 
Residual 213 3.111 1460.800    
Total 215 3.201     
 
 
Table 5-33 Pairwise PERMANOVA analysis of Odonata assemblages between wetland 
groups of natural wetlands, farm dams, and urban wetlands in four seasons (summer 
2012-summer 2013) in Western Sydney, Australia 
Groups t p Perms 
Urban, natural 1.974 0.002 999 
Urban, farm 1.036 0.316 998 
Natural, farm 1.956 0.002 999 
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5.3.4.15 Trichoptera assemblages 
 
The assemblages of Trichoptera were similar at farm dams and urban wetlands. Urban 
wetlands and farm dams were significantly different from natural wetlands (Figure 5.32; 
5.33; Table 5.34; 5.35).  
 
 
 
Figure 5-32 Assemblages of Trichoptera in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia. 
Data is untransformed (n=6) 
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Figure 5-33 Mean abundance of Trichoptera found in natural wetlands, farm dams, and 
urban wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, 
Australia (± S.E., n=6) 
 
 
Table 5-34 PERMANOVA analysis of the Trichoptera assemblages in natural wetlands, 
farm dams, and urban wetlands in four seasons (summer 2012-summer 2013) in 
Western Sydney, Australia 
Source df SS MS Pseudo-
F 
p Unique 
perms 
Wetland 2 6063.600 3031.800 6.928 0.001 998 
Residual 213 93214 437.620    
Total 215 99278     
 
 
Table 5-35 Pairwise PERMANOVA analysis of Trichoptera assemblages between 
wetland groups of natural wetlands, farm dams, and urban wetlands in four seasons 
(summer 2012-summer 2013) in Western Sydney, Australia 
Groups t p Perms 
Urban, natural 3.258 0.001 994 
Urban, farm 1.336 0.159 472 
Natural, farm 2.354 0.008 999 
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5.3.4.16 Hydracarina assemblages 
 
The assemblages of Hydracarina in natural wetlands and farm dams were similar. The 
assemblages of urban wetlands were significantly different from natural wetlands, and farm 
dams (Figure 5.34; 5.35; Table 5.36; 5.37). 
 
 
 
Figure 5-34 Assemblages of Hydracarina in natural wetlands, farm dams, and urban 
wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, Australia. 
Data is untransformed (n=6)
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Figure 5-35 Mean abundance of Hydracarina in natural wetlands, farm dams, and 
urban wetlands in four seasons (summer 2012-summer 2013) in Western Sydney, 
Australia (± S.E., n=6) 
 
 
Table 5-36 PERMANOVA analysis of the Hydracarina assemblages in natural 
wetlands, farm dams, and urban wetlands in four seasons (summer 2012-summer 2013) 
in Western Sydney, Australia 
Source df SS MS Pseudo-
F 
p Unique 
perms 
Wetland 2 6627.100 3313.600 4.335 0.001 999 
Residual 213 1.628 764.320    
Total 215 1.694     
 
 
Table 5-37 Pairwise PERMANOVA analysis of Hydracarina assemblages between 
wetland groups of natural wetlands, farm dams, and urban wetlands in four seasons 
(summer 2012-summer 2013) in Western Sydney, Australia 
Groups T p Perms 
Urban, natural 2.188 0.003 999 
Urban, farm 2.767 0.001 999 
Natural, farm 1.402 0.066 997 
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5.3.5  Chemical characteristics of wetlands 
 
Temperature (Figure 5.36) and dissolved oxygen (Figure 5.38) were similar in farm dams and 
natural wetlands but urban wetlands had a higher temperature and dissolved oxygen (Table 
5.38; 5.39)   
 
Salinity was the highest in farm dams and lowest in natural wetlands. Urban wetlands had a 
lower salinity than farm dams but higher than natural wetlands (Figure 5.37; Table 3.38; 
3.39).  
 
pH was lower in natural wetlands than farm dams. pH was similar in urban wetlands and 
farm dams.  Natural wetlands had a similar pH to urban wetlands (Figure 5.39; Table 5.38; 
5.39).  
 
Farm dams had the deepest water and natural wetlands were the shallowest. The water in 
urban wetlands was deeper than in natural wetlands but not deeper than the water in farm 
dams (Figure 5.40; Table 5.38; 5.39).  
 
Turbidity was the lowest in farm dams and highest in urban wetlands. Natural wetlands had a 
higher turbidity than farm dams but this was not higher than urban wetlands (Figure 5.41; 
Table 5.38; 5.39).  
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Figure 5-38 Mean dissolved oxygen of natural wetlands, 
farm dams and urban wetlands in four seasons (summer 
2012-summer 2013) in Western Sydney, Australia (± S.E., 
n=6) 
 
Figure 5-37 Mean salinity of natural wetlands, farm dams and 
urban wetlands in four seasons (summer 2012-summer 2013) 
in Western Sydney, Australia (± S.E., n=6) 
 
Figure 5-36 Mean temperature of natural wetlands, farm dams 
and urban wetlands in four seasons (summer 2012-summer 
2013) in Western Sydney, Australia (± S.E., n=6) 
Figure 5-39 Mean pH of natural wetlands, farm dams and 
urban wetlands in four seasons (summer 2012-summer 
2013) in Western Sydney, Australia (± S.E., n=6) 
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Figure 5-41 Mean turbidity of natural wetlands, farm dams and 
urban wetlands in four seasons (summer 2012-summer 2013) in 
Western Sydney, Australia (± S.E., n=6) 
 
 
Figure 5-40 Mean depth of natural wetlands, farm dams 
and urban wetlands in four seasons (summer 2012-summer 
2013) in Western Sydney, Australia (± S.E., n=6) 
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Table 5-38 Multivariate Analysis of Variance of the chemical wetland data between 
wetland sites of natural wetlands, farm dams and urban wetlands in four seasons 
(summer 2012-summer 2014) in Western Sydney, Australia 
Source Dependent 
Variable 
Type III Sum of 
Squares 
df Mean 
Square 
F Sig. 
Wetland Depth 31.728 2 15.864 142.442 0.000 
 Temperature 947.848 2 473.924 14.017 0.000 
 Salinity 85.239 2 42.620 40.335 0.000 
 DO 54711.224 2 27355.612 45.900 0.000 
 PH 3.579 2 1.790 3.888 0.021 
 Turbidity 9300041.666 2 4650020.833 130.891 0.000 
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Table 5-39 A Tukey’s post hoc analysis of the chemical wetland parameters  between natural wetlands, farm dams and urban wetlands 
in four seasons in Western Sydney, Australia 
Dependent 
variable 
Wetland Wetland Mean 
difference 
Standard 
error 
Significance Lower bound  Upper bound 
 
Depth Urban Natural 0.051 0.014 0.001 0.017 0.084 
  Farm -0.177 0.014 0.000 -0.210 -0.144 
 Natural Urban -0.051 0.014 0.001 -0.084 -0.017 
  Farm -0.228 0.014 0.000 -0.261 -0.195 
 Farm Urban 0.177 0.014 0.000 0.144 0.210 
  Natural 0.228 0.014 0.000 0.195 0.261 
Temperature Urban Natural 1.250 0.247 0.000 0.669 1.830 
  Farm 0.965 0.247 0.000 0.384 1.545 
 Natural Urban -1.250 0.247 0.000 -1.830 -0.669 
  Farm -0.285 0.247 0.482 -0.865 0.295 
 Farm Urban -0.965 0.247 0.000 -1.545 -0.384 
  Natural 0.285 0.247 0.482 -0.295 0.865 
Salinity Urban Natural 0.196 0.043 0.000 0.093 0.298 
  Farm -0.196 0.043 0.000 -0.299 -0.094 
 Natural Urban -0.196 0.043 0.000 -0.298 -0.093 
  Farm -0.39 0.043 0.000 -0.495 -0.290 
 Farm Urban 0.196 0.043 0.000 0.094 0.299 
  Natural 0.393 0.043 0.000 0.290 0.495 
DO Urban Natural 7.509 1.039 0.000 5.073 9.946 
  Farm 9.415 1.039 0.000 6.978 11.851 
 Natural Urban -7.509 1.039 0.000 -9.946 -5.073 
  Farm 1.905 1.039 0.159 -0.530 4.342 
 Farm Urban -9.415 1.039 0.000 -11.851 -6.978 
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Dependent 
variable 
Wetland Wetland Mean 
difference 
Standard 
error 
Significance Lower bound  Upper bound 
 
  Natural -1.905 1.039 0.159 -4.342 0.530 
pH Urban Natural 0.040 0.028 0.346 -0.027 0.107 
  Farm -0.040 0.028 0.342 -0.108 0.027 
 Natural Urban -0.040 0.028 0.346 -0.107 0.027 
  Farm -0.080 0.028 0.015 -0.148 -0.012 
 Farm Urban 0.040 0.028 0.342 -0.027 0.108 
  Natural 0.080 0.028 0.015 0.012 0.148 
Turbidity Urban Natural 99.269 8.022 0.000 80.458 118.079 
  Farm 122.057 8.022 0.000 103.247 140.868 
 Natural Urban -99.269 8.022 0.000 -118.079 -80.458 
  Farm 22.788 8.022 0.013 3.978 41.599 
 Farm Urban -122.057 8.022 0.000 -140.868 -103.247 
  Natural -22.788 8.022 0.013 -41.599 -3.978 
 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
171 
 
5.3.6 Physical characteristics of wetlands 
 
The mean bank condition was lowest in farm dams but natural wetlands and urban wetlands 
had a similar bank condition (Figure 5.42; Table 5.40; 5.41).  
 
The mean surrounding vegetation was similar at farm dams and natural wetlands but was 
lower in urban wetlands (Figure 5.43; Table 5.40; 5.41).  
 
Human disturbance (Figure 5.44), hydrological disturbance (Figure 5.45) and the removal of 
fringing vegetation (Figure 5.48) was most evident at urban wetlands. Habitat potential 
(Figure 5.47) was also the lowest in urban wetlands. Farm dams had less human disturbance 
than urban wetlands, were less hydrologically modified, and had more fringing vegetation 
than urban wetlands. Farm dams also have a higher habitat potential. Natural wetlands 
remained the least disturbed and modified wetland type. Natural wetlands also retained the 
most fringing vegetation and had a higher habitat potential than farm dams and urban 
wetlands (Table 5.40; 5.41).  
 
Farm dams were more connected in the landscape than urban wetlands but were not as 
connected as natural wetlands (Figure 5.46; Table 5.40; 5.41).  
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Figure 5-43 Mean surrounding vegetation of 
natural wetlands, farm dams and urban wetlands 
in Western Sydney, Australia (± S.E., n=6) 
Figure 5-45 Mean hydrological change of natural wetlands, 
farm dams and urban wetlands in Western Sydney, 
Australia (± S.E., n=6) 
Figure 5-42  Mean bank condition of natural 
wetlands, farm dams and urban wetlands in 
Western Sydney, Australia (± S.E., n=6) 
Figure 5-44  Mean human disturbance of natural wetlands, 
farm dams and urban wetlands in Western Sydney, 
Australia (± S.E., n=6) 
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Figure  Mean connectivity of natural wetlands, farm dams and 
urban wetlands in five seasons (summer 2012-summer 2013) in  
Figure 5-48 Mean fringing vegetation of natural wetlands, 
farm dams and urban wetlands in in Western Sydney, 
Australia (± S.E., n=6) 
 
5-46 Mean connec ivity of natural wetlands, farm dams 
and urban wetla ds in Western Sydney, Australia (± S.E., n=6) 
Figure 5-47 Mean habitat potential of natural wetlands, farm 
dams and urban  wetlands in Western Sydney Australia 
(± S.E., n=6) 
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Table 5-40 A Multivariate Analysis of Variance of the physical wetland data between 
wetland sites of natural wetlands, farm dams and urban wetlands in Western Sydney, 
Australia 
Source Dependent 
Variable 
Type III Sum of 
Squares 
df Mean 
Square 
F Sig. 
Wetland Connectivity 31711.280 17 1865.369 68.557 0.000 
 
Human 
disturbance 
104147.857 17 6126.345 48.562 0.000 
 Vegetation 17641.247 17 1037.720 42.381 0.000 
 Habitat potential 30624.907 17 1801.465 65.343 0.000 
 
Hydrological 
change 
247856.429 17 14579.790 94.141 0.000 
 Bank condition 76150.561 17 4479.445 68.564 0.000 
 
Fringing 
vegetation 
49145.000 17 2890.882 39.839 0.000 
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Table 5-41 A Tukey’s post hoc analysis of the physical wetland parameters  between natural wetlands, farm dams and urban wetlands in 
Western Sydney, Australia 
Dependent variable Wetland Wetland Mean difference Standard error Significance Lower bound  Upper bound 
 
Connectivity Urban Natural -22.783 1.179 0.000 -25.565 -20.002 
  Farm -5.853 1.179 0.000 -8.635 -3.071 
 Natural Urban 22.783 1.179 0.000 20.002 25.565 
  Farm 16.930 1.179 0.000 14.148 19.712 
 Farm Urban 5.853 1.179 0.000 3.071 8.635 
  Natural -16.930 1.179 0.000 -19.712 -14.148 
Human disturbance Urban Natural -44.642 2.183 0.000 -49.791 -39.493 
  Farm -21.071 2.183 0.000 -26.220 -15.922 
 Natural Urban 44.642 2.183 0.000 39.493 49.791 
  Farm 23.571 2.183 0.000 18.422 28.720 
 Farm Urban 21.071 2.183 0.000 15.922 26.220 
  Natural -23.571 2.183 0.000 -28.720 -18.422 
Surrounding vegetation Urban Natural -6.728 1.420 0.000 -10.076 -3.380 
  Farm -5.975 1.420 0.000 -9.323 -2.626 
 Natural Urban 6.728 1.420 0.000 3.380 10.076 
  Farm 0.753 1.420 0.856 -2.594 4.101 
 Farm Urban 5.975 1.420 0.000 2.626 9.323 
  Natural -0.753 1.420 0.856 -4.101 2.594 
Habitat potential Urban Natural -10.464 1.627 0.000 -14.301 -6.626 
  Farm 4.000 1.627 0.039 0.162 7.837 
 Natural Urban 10.464 1.627 0.000 6.626 14.301 
  Farm 14.464 1.627 0.000 10.626 18.301 
 Farm Urban -4.000 1.627 0.039 -7.837 -0.162 
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Dependent variable Wetland Wetland Mean difference Standard error Significance Lower bound  Upper bound 
 
  Natural -14.464 1.627 0.000 -18.301 -10.626 
Hydrological change Urban Natural -63.214 3.152 0.000 -70.648 -55.780 
  Farm -46.428 3.152 0.000 -53.862 -38.994 
 Natural Urban 63.214 3.152 0.000 55.780 70.648 
  Farm 16.785 3.152 0.000 9.351 24.219 
 Farm Urban 46.428 3.152 0.000 38.994 53.862 
  Natural -16.785 3.152 0.000 -24.219 -9.351 
Bank condition Urban Natural -.921 2.437 0.924 -6.668 4.825 
  Farm 22.403 2.437 0.000 16.656 28.150 
 Natural Urban 0.921 2.437 0.924 -4.825 6.668 
  Farm 23.325 2.437 0.000 17.578 29.071 
 Farm Urban -22.403 2.437 0.000 -28.150 -16.656 
  Natural -23.325 2.437 0.000 -29.071 -17.578 
Fringing vegetation Urban Natural -24.464 1.921 0.000 -28.994 -19.934 
  Farm -5.714 1.921 0.009 -10.244 -1.184 
 Natural Urban 24.464 1.921 0.000 19.934 28.994 
  Farm 18.750 1.921 0.000 14.219 23.280 
 Farm Urban 5.714 1.921 0.009 1.184 10.244 
  Natural -18.750 1.921 0.000 -23.280 -14.219 
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5.3.7 The wetland habitat parameters that affect macroinvertebrate populations in natural 
wetlands farm dams and urban wetlands 
 
Marginal tests indicated that there were 5 factors that were significant contributors to the 
variation in macroinvertebrate assemblages when utilising abundance data. Connectivity 
made the largest contribution (5.83%) followed by human disturbance (3.73%), turbidity 
(3.26%) and temperature (3.20%). pH accounted for 1.75% of variation. All parameters were 
significantly linked to the variation in macroinvertebrate assemblages (p=<0.05) (Table 5.42; 
Figure 5.49). 
 
Sequential tests determined the contributions of each variable to the model. Connectivity 
(5.83%) made the strongest contribution and turbidity, temperature, pH and human 
disturbance contributed approximately 2.00% to the model. These parameters accounted for 
12.00% of variation of the macroinvertebrate assemblages (Table 5.43; Figure 5.49).  
 
 
Figure 5-49 The dbRDA plot of the physiochemical properties as predictor variables 
with the macroinvertebrate biotic data 
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Table 5-42 The marginal tests indicating the factors that were linked to variation in 
macroinvertebrate assemblages collected in five seasons (summer 2012-summer 2013) in 
natural wetlands, farm dams and urban wetlands in Western Sydney 
Variable SS 
(trace) 
Pseudo-F P Prop. 
Connectivity 24525 8.055 0.001 0.058 
Turbidity 13711 4.383 0.001 0.032 
Temperature 13469 4.303 0.001 0.032 
pH 7367.400 2.319 0.008 0.017 
Human disturbance 15691 5.041 0.001 0.037 
 
 
Table 5-43 The sequential tests indicating the factors that were linked to variation in 
macroinvertebrate assemblages collected in five seasons (summer 2012-summer 2013) in 
natural wetlands, farm dams and urban wetlands in Western Sydney 
Variable R^2 SS(trace) Pseudo-
F 
P Prop. Culm. Res.df 
Connectivity 0.058 24525 8.050 0.001 0.058 0.058 130 
Turbidity 0.082 10295 3.440 0.001 0.02 0.082 129 
Temperature 0.111 11751 4.020 0.001 0.027 0.110 128 
pH 0.134 10063 3.510 0.001 0.023 0.134 127 
Human disturbance 0.159 10572 3.770 0.003 0.025 0.159 126 
 
 
5.3.8 Correlation of physical and chemical parameters with macroinvertebrate biotic 
patterns 
 
The physical and chemical parameters were combined to determine which habitat variables 
were influenced the assemblages of macroinvertebrates in the wetland habitats. A model 
including pH, connectivity, and bank condition were identified in a BVstep analysis as the 
most influential factors. The spearman’s correlation for the subset and the macroinvertebrate 
abundance data was rho=0.206.  
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
179 
 
5.4 Discussion 
 
5.4.1 Are farm dams similar to natural wetlands? Their comparison to natural 
habitats 
 
Natural wetlands and farm dams supported a similar diversity and abundance of 
macroinvertebrate populations; however, farm dams supported a different assemblage 
of species. Some (e.g. Trichoptera and Odonata) taxa were found to be negatively 
affected by the loss of natural wetlands and the creation of farm dams in the landscape. 
Some taxa were found to be similar in both these habitat types. These groups were 
predominantly composed of those at the more tolerant end of the spectrum of the 
signal score rating of Chessman (2003), and included, for example, Turbellaria 
(Signal score 2; Chessman, 2003), Hydrozoa (Signal score 1), Hirudena (Signal score 
1), Araneae, Lepidoptera (Signal score 2), Bivalvia (Signal score 3), Decapoda 
(Signal score 4), Diptera (Signal score 3), and Hydracarina.  Markwell and Fellows 
(2008) also found that farm dams were equally able to support Decapoda and Bivalvia 
when compared to natural wetlands. Although the composition of these two groups 
were mostly tolerant organisms, farm dams and natural wetlands supported 
Ephemeroptera (Signal score 9) equally. This indicated that farm dams have the 
potential to support some sensitive organisms similarly to natural wetlands. These 
results concur with the findings of Markwell and Fellows (2008). Nicolet et al. (2004) 
also found that ponds in the Northern Europe were habitat for rare organisms.   
 
Other macroinvertebrate groups declined in the landscape with the removal of natural 
wetlands and the replacement of them with farm dams. These included Coleoptera 
(Signal score 5), Trichoptera (Signal score 8) and Odonata (Signal score 3). Odonata 
are sensitive to human impacts (Samways and Steytler, 1996) and this is reflected in 
the natural-agricultural land use transition of the current study. Some genera of 
Odonata were absent from farm dams including Zyxomma, Orthertrum, Hemicordulia 
and Agriocnemis. Austrolestes was encountered only once in one farm dam but was 
relatively more abundant in natural wetlands. Only Crocothemis was found in farm 
dams and not natural wetlands; however, this was in relatively low abundance when 
compared to the other genera recorded in natural wetlands. 
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The same pattern for Odonata was reflected in the Trichoptera assemblages. These 
macroinvertebrates are considered indicative of clean aquatic ecosystems (Yap et al. 
2003) and, therefore, the pollution loads imposed by farm dams have perhaps 
rendered these habitats unsuitable for this group. Of Trichoptera, Leptorussa was 
found only in natural wetlands and not farm dams while Sympitoneuria and 
Triplectides were in higher abundance in natural wetlands but were in lower 
abundance in farm dams.  
 
Although farm dams were not successful in supporting all of the organisms that 
natural wetlands exhibited the ability to support, a portion of those recorded in the 
study were found to occur in farm dams. Hemiptera (Signal score 2) appeared to 
prefer farm dams over natural wetlands, perhaps because these habitats are in higher 
ratio in the environment and, therefore, more readily available. Furthermore, 
Hemipterans are somewhat tolerant to polluted conditions (Gooderham and Tsyrlin, 
2003).  
 
5.4.2 The effect on macroinvertebrate populations with urban development and the 
removal of farm dams 
 
With the loss of farm dams from the landscape due to urbanisation, the results of this 
study demonstrate that there is a negative effect on the abundance and diversity of 
macroinvertebrates. These results confirm that farm dams in the landscape are 
advantageous for macroinvertebrates. This scenario has been suggested in numerous 
other studies (e.g. Williams et al. 2004; Brainwood and Burgin, 2009; Cereghino et al. 
2008; Chester and Robson, 2013; Legnouo et al. 2013) whilst reinforcing the results 
of others that urbanisation negatively affects macroinvertebrates (Walsh et al. 2001; 
Stepenuck et al. 2002; Wang and Kanehl, 2003). Moore and Palmer (2005) found that 
there was a high diversity of macroinvertberates in agricultural streams when 
compared to urbanised streams. Additionally, the results of this study are most likely 
due to a higher percentage of impervious surfaces in urbanised watersheds which lead 
to increased flood events in urban habitats (Paul and Meyer, 2001; Davies et al. 2010) 
coupled with lower water quality due to  increases in pollution in urban areas (Brabec 
et al. 2002). Urbanisation also results in an overall degradation of the aquatic 
ecosystem (Faulkner, 2004; Trigal et al. 2007).  
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The results of others conflict with the findings of this study. Cuffney et al. (2010) 
suggested that there was a weak negative correlation between macroinvertebrate 
populations between urban wetlands and those in agricultural landscapes because the 
macroinvertebrate populations had already been degraded through pressures derived 
from agriculture prior to urbanisation and, therefore, these wetlands are not further 
degraded. Such issues in agricultural landscapes include increased nutrients and 
pesticides in aquatic environments which generally offset the degradation experienced 
in urban landscapes. Gagne and Fahrig (2007) suggested that the threats imposed in 
agricultural landscapes are less than those experienced in urban areas. In agreement 
with Gagne and Fahrig (2007), Herringshaw et al. (2011) also found that 
macroinvertebrate populations were more adversely affected by urbanisation than 
agriculture, and the results of this study further reinforce the suggestions implied from 
those studies. Furthermore, urban wetlands supported a different assemblage of 
macroinvertebrates than farm dams. Some families were found to show no habitat 
preference for urban wetlands or farm dams whilst others were negatively associated 
with urban wetlands but not farm dams.  
 
The more tolerant macroinvertebrates were the least affected with urbanisation of 
agricultural land and generally had a signal score of 1-2 (Chessman, 2003). It is not 
unusual for tolerant macroinvertebrates to remain in degraded habitats (e.g. Walsh et 
al. 2001). In this study those that did not have negative effects from urbanisation 
typically included Turbellaria (a single genus), Gastropoda, Hirudena, Lepidoptera, 
Oligochaeta and Hydrozoa (Signal score 1).  
 
Others have found similar results to this study whereby these macroinvertebrate 
orders are tolerant of pollution and degraded ecosystems, and will remain in these 
habitats that are sub-optimal for many other taxa (e.g. Oligochaeta and Gastropoda – 
Moreno and Callisto, 2006; Oligochaeta and Hirudinena – Yap et al. 2003;  
Turbellaria – Walsh et al. 2007, Hydrozoa - Gooderham and Tsyrlin, 2003). In 
particular, Oligochaeta are often indicative of pollution in degraded systems. The 
distribution of Oligochaeta is an important indicator for environmental quality 
(Brinkhurst, 1967; Chapman, 1982). 
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Oligchaetes are tolerant of a range of parameters (Chapman, 1982) and occur in 
wetlands with sewage flows (Boyle and Fraleigh, 2003). Additionally, Oligochaetes 
are considered bio-indicators for pollution in degraded ecosystems (Yap et al. 2003). 
Spiders (Aranea), showed no preference for wetland type. This is most likely because 
they use the water surface to hunt but retreat into nearby vegetation which may enable 
this group to escape some of the water pollution, and thus make them less sensitive to 
degraded water quality (Gooderham and Tsyrlin, 2003) experienced in urban 
wetlands. It is hypothesised that spiders do not need to be as ‘tolerant’ as many of the 
other aquatic organisms recorded in this study due to their adaptations to utilise the 
water’s surface just as the surface dwelling adaptation allows other macroinvertebrate 
groups, such as Hemiptera, to be pollutant tolerant (Gooderham and Tsyrlin, 2003).  
 
Farm dams appeared to be conducive to the establishment and invasion of exotic 
gastropods. The tadpole snail Physa acuta was in lower abundance in urban wetlands 
and Pseudosuccinea did not occur in urban wetlands but were recorded in farm dams. 
The presence of these gastropods can often indicate nutrient enrichment which would 
occur due to the surroundings of a portion of the farm dams in the study which were 
cultivated for crops and others that were frequently defecated in by livestock. 
Additionally, farm dams in the study were generally more saline than urban wetlands 
and P. acuta has a higher tolerance than native species to salinity (Zukowski and 
Walker, 2009).  As a result exotic snails proliferate in saline farm dams in the absence 
of competition from native gastropods.   
 
Interestingly, the results failed to reflect any negative effects on Odonata populations 
with urbanisation (signal score 3 - Chessman, 2003). As observed in this study, in a 
study undertaken in the USA, the overall Odonata diversity did not change in 
response to increasing urbanisation. However, individual species often exhibited 
negative responses to anthropogenic impacts whilst others were found to favour urban 
over rural sites (Lubertazzi and Ginsberg, 2010). Those individual results of separate 
genera are reflected in this study. Ischnura, Adversaeschna, Hemicordulia, 
Diplacodes and Traema were found mostly in urban wetlands. 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
183 
 
Others, including Austroagrion and Xanthagrion, were in greater abundance in farm 
dams, whilst Austrolestes and Hemianax occurred in farm dams only. Another 
relatively sensitive macroinvertebrate, Trichoptera, had a similar abundance in urban 
wetlands and farm dams (signal score of 8 – Chessman, 2003). Others have found 
conflicting results to the current study. Wang et al. (2012) observed that Trichoptera 
abundance decreased with urbanisation. Urban et al. (2006) also observed that 
Trichoptera were characteristic of undisturbed streams when compared to urban 
habitats in a study of macroinvertebrates across a rural-urban gradient. In an analysis 
of Ephemeroptera, Plecoptera and Trichoptera, Moore and Palmer (2005) also 
reported that richness was higher in agricultural sites when compared to urban sites. 
  
Other taxa showed a negative relationship between farm dams and urban wetlands. 
These were, in part, composed of less tolerant groups that were less tolerant to habitat 
degradation and water pollution and generally had a higher signal score than those 
that were in urban wetlands. For example, Decapoda (signal score 4 – Chessman, 
2003), in particular Paratya and Ostracoda, preferred farm dams over urban wetlands. 
Yap et al. (2003) also found that less disturbed ecosystems were characteristic of 
crustaceans. Decapods, which are detritus feeders (Gooderham and Tsyrlin, 2003), are 
frequently found in the littorial zone of farm dams (Ingram et al. 1997). When 
compared to urban wetlands, farm dams in the study had a marginally higher 
vegetated littorial zone and this would result in increased food availability for this 
taxon. It is hypothesised that this group is restricted in its distribution in urban areas 
because there is lower food availability than in the other wetland types. Additionally, 
decapods prefer slow flowing habitats such as occurs in farm dams and billabongs 
(Goodherman and Tsyrlin, 2003). Although urban wetlands are often slow flowing, 
some experience episodic flooding in times of high rainfall as they are often 
constructed to collect stormwater to alleviate flooding issues associated with increases 
in impervious surfaces in urban areas (Hogan and Wallbridge, 2006). Such frequent 
flooding events may thus make these habitats periodically unsuitable for decapods in 
times of high rainfall. 
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Overall, Diptera (Signal score 3) also showed a negative response with urbanisation. 
Of the 43 Diptera species, Eristalis and Tantytarsus were found more often in urban 
wetlands than in farm dams. Helson et al. (2006) reported that Tanytarsus were 
present in the more pristine reaches of rivers when compared to more human 
impacted reaches; however, the results of the current study did not reflect this as 
Tanytarsus was found most often in urban wetlands. Those with the most marked 
preferences for farm dams were Chironomidae, Kiefferulus, and Larsia. Chironomids 
have frequently been used as indicators of organic pollution, and are often found in 
habitats with low dissolved oxygen content (Coimbra et al. 1996). This suggests that  
farm dams of the study that were surrounded by cropping activity may have higher 
organic pollution although this was not the case for all of the farm dams as these 
habitats were highly variable. Additionally, farm dams had lower dissolved oxygen 
concentration than urban wetlands, conditions which chironomids may favour 
(Coimbra et al. 1996). The 40 remaining species were found more frequently in farm 
dams than urban wetlands but the pattern of distribution was not as obvious as the 
three already discussed. In contrast to the current study, Smith and Lamp (2008) 
observed that some dipterans (e.g., Odontomyia) were exclusively found in urban 
rather than rural habitats; however, even though some particular genera were found in 
higher abundance in urban wetlands, none were found wholly in urban wetlands. In a 
comparison of urban and rural streams, Grescens et al. (2007) also found that there 
was no decrease in the abundance of dipterans (Chironomidae) from urban-rural 
habitats although the current study has demonstrated that dipterans decreased in urban 
habitats when compared to farm dams.  
 
There were 53 Coleoptera species (signal score 5 – Chessman, 2003) of which a large 
portion were found predominantly in farm dams. One of the taxa in this group with 
the most marked preferences for farm dams was unidentifiable to genus level but 
belonged to the Dytiscidae family. Others were the exception and included 
Sternopriscus, Macrogyrus, Paranacaena (adult), and Hydraena; however, these 
genera were typically found in low abundance when compared to genera that 
predominantly inhabited farm dams. 
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As observed in the current study, Niemela and Kotze (2009) found that there were 
fewer terrestrial Coleoptera in urban than rural sites, with urban sites dominated 
predominantly by habitat generalists. In contrast, Smith and Lamp (2008) observed 
that some Coleoptera species remained in urban streams, and could not be considered 
a subset of those found in rural streams. However, the results of the current study did 
not reflect this outcome as all coleopteran genera that were found in urban sites were 
also present in farm dam sites, together with additional species recorded in farm 
dams.    
 
Of the 18 species of Hemiptera (signal score 2 – Chessman, 2003) recorded, 
Merragata and Laccotrephes were present similarly in urban wetlands and farm dams 
whilst Enithares, Ochterus and Mierovella were found more frequently in urban 
wetlands. All other genera preferred farm dams, and this was most obvious in the 
pattern of distribution of Micronecta, Saldula, Anisops, Diplonychus and 
Agraptocorixa. Hydracarina, which were only found sparsely in urban wetlands, 
tended to avoid these habitats when compared to farm dams. No genus of Hydracarina 
was found more in urban wetlands than elsewhere. Although this group is relatively 
pollutant tolerant and many hemipterans are surface dwellers, and when some 
pollutants (such as detergents and oils) are elevated in the water, the surface water’s 
tension is altered causing these organisms to sink (Gooderham and Tsyrlin, 2003). 
Based on these observations it was hypothesised that the distribution of these 
organisms is restricted in urban areas because these pollutants can be freely captured 
in stormwater but are more likely to be absent in farm dams thus allowing 
hemipterans to effectively utilise the surface of farm dams but not urban wetlands. 
  
Ephemeroptera (signal score 9 - Chessman, 2003) are generally considered an 
indicator of ‘good’ water quality (Gooderham and Tsyrlin, 2003), the results of the 
current study showed that even the more tolerant organisms (e.g. Tasmanocoensis) 
did not tolerate the degraded water quality experienced in urban wetlands. 
Furthermore, Bivalvia (signal score 5 – Chessman 2003) was absent from urban 
wetlands but representatives were present in farm dams.  
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
186 
 
5.4.3 The wetland habitat parameters that affect macroinvertebrate populations in 
natural wetlands, urban wetlands and farm dams 
 
Connectivity, turbidity, temperature, pH and human disturbance were linked to the 
variation in macroinvertebrate biotic assemblages. The most predominant factors 
affecting the macroinvertebrate patterns in farm dams and urban wetlands were pH 
(Figure 4.40), bank condition (Figure 4.45) and connectivity (Figure 4.49); however, 
these correlations were rather weak. As a result it is hypothesised that these 
parameters are synergistic with other unidentified factors driving the distribution of 
macroinvertebrates in the study area. Batzer et al. (2004) also found that the response 
of macroinvertebrates to environmental conditions to be somewhat weak. They 
suggested that the macroinvertebrates in their study were dominated by those that 
were considered habitat generalists and were, therefore, relatively tolerant of sub-
optimal habitat conditions. It is hypothesised that this partly contributes to the weak 
correlations that were found in the current study.  
 
The pH of farm dams and urban wetlands did not vary greatly although natural 
wetlands maintained a lower pH than both these wetland types. In a European study, 
Biggs et al. (1998) demonstrated that pH was a significant factor in shaping aquatic 
communities.  Courtney and Clements (1998) found that wetlands which were more 
acidic (lower pH) had lower abundance and diversity. In the current study, although 
farm dams and urban wetlands had a narrow pH range, farm dams supported higher 
abundance and diversity of taxa than urban wetlands and, therefore, this correlation is 
only very weakly supported. Additionally, natural wetlands had the lowest pH of all 
wetlands but maintained similar abundance and diversity to farm dams. It is 
suggested, therefore, that pH does not satisfactorily explain the macroinvertebrate 
patterns observed in the wetlands and farm dams of this study; However, they are 
impacting factors that influence the distribution of macroinvertebrates in the wetland 
habitats and, perhaps, they are combining in synergism with other habitat qualities in 
the environment.  
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Farm dams exhibited a more degraded bank condition compared to urban wetlands; 
however, natural wetlands displayed the best bank condition as this habitat lacked any 
pugging or erosion and generally had gentler sloping sides than farm dams and urban 
wetlands. The degraded bank condition of farm dams was mostly derived from signs 
of grazing which, according to Hopfensperger et al. (2006), was the result of pugging 
of the wetland edge and subsequent erosion. Additionally, farm dams have steeper 
banks than urban wetlands although this attribute was highly variable of the farm 
dams in the study, highlighting their varying morphology. Additionally, erosion was 
higher on the banks of farm dams than in association with urban wetlands, somewhat 
attributable to trampling by stock that was present periodically in some of the farm 
dams. Declerck et al. (2006) found that farm dams had higher turbidity derived from 
erosion and cattle trampling than wetlands in natural forested areas. This was not 
evident in the current study. The responses of macroinvertebrates to grazing are 
generally subtle. In a study in the USA, McIver and McInnes, (2007) decided that 
they could not conclude wholly that the effects of grazing had a singular negative 
effect on macroinvertebrates. Additionally, Robson and Clay, (2005) found that those 
wetlands that were grazed, despite being somewhat degraded by this action, were still 
comparable to those wetlands that were not. The results of the current study also 
somewhat agree with McIver and McInnes (2007) and Robson and Clay (2005). Farm 
dams were able to support a higher diversity and abundance of macroinvertebrates 
when compared to urban wetlands and other maroinvertebrate taxa were not present in 
urban wetlands or, at least, they were negatively influenced by urbanisation. Urban 
wetlands also had highly variable bank condition. Some wetlands were heavily 
hydrologically modified in order to function for stormwater retention; however, they 
maintained some integrity of shallower sides and littorial vegetation. Others had 
steeper sides and these lacked vegetation; however, the results of this study failed to 
reflect a conclusive correlation of bank condition with the distribution of 
macroinvertebrates as farm dams were more successful in supporting 
macroinvertebrates but exhibited a higher degradation of bank condition. It is, 
therefore, hypothesised that this is partly due to these habitats being highly variable in 
morphology and thus allowing for a broader habitat range for aquatic 
macroinvertebrates. 
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Natural wetlands were the most spatially connected wetland habitat while farm dams 
were more connected in the landscape than urban wetlands. Bonada et al. (2006) 
found that with a reduction in connectivity, there is a loss of macroinvertebrate 
richness. Sheldon and Thoms (2006) also found that connectivity influenced 
macroinvertebrate assemblages in rivers. This was also demonstrated in this study. 
The more connected habitats (i.e., natural wetlands and farm dams) had a higher 
abundance and diversity compared to urban wetlands that were less connected. 
Although natural wetlands were the most connected they still maintained a similar 
abundance and diversity to farm dams, even though farm dams were less connected 
due to the presence of roads and reduced vegetative cover. When there is disrupted 
connectivity, there are limitations to the ability of matter, energy, and organisms to 
move between habitats (Ward et al. 1999). This has been reflected in the 
macroinvertebrate patterns observed in this study.  
 
5.4.4 Management recommendations for urban wetlands 
 
By comparison to farm dams, natural wetlands supported a similar abundance and 
diversity of macroinvertebrates. In contrast, whilst this study shows that urban 
wetlands provided habitat for specific tolerant taxa. McGough et al. (2013) argued 
that land use pressures, brought about by changes from urbanisation, can lead to 
homogenisation of macroinvertebrate communities. In the current study, community 
composition results suggested that those which are most pollutant tolerant and/or the 
more habitat generalists would persist in the landscape with urbanisation while those 
that were less resilient to urbanisation, such as Bivalves, declined or disappeared with 
the removal of farm dams since farm dams were able support a wider range of 
macroinvertebrates families than urban wetlands.  
 
In the case that agricultural land is to be developed, retention of farm dams in the 
landscape can help maintain connectivity which the results of this study suggest is an 
important factor in the distribution of macroinvertebrates. Additionally, retention of 
farm dams in the landscape will maintain a broader spectrum of water quality since 
they are not engineered to collect stormwater as urban wetlands are usually 
constructed for and thus more closely mimic natural wetland habitats in this respect.
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Additionally, if those farm dams retained in the urbanising landscape are embedded 
within greenfield surroundings this may serve as a way to improve the water quality 
of habitats that are typically available to biota in the urban landscape.  
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6. The loss of bird biodiversity due to the removal of farm dams 
in urbanising Western Sydney 
 
 
6.1 Introduction 
 
The global decline of wetland birds (Kingsford, 2000; Quesnelle et al. 2013) has occurred 
due to large scale habitat loss and fragmentation (Niemuth and Solberg, 2003; Quesnelle et 
al. 2013). Due to these habitat losses 17.00% of wetland-dependent birds are now globally 
threatened (BirdLife International, 2008), although the trends are often unknown and/or 
poorly understood (Ward et al. 2010). Wetland-dependent bird declines have been noted in 
Spain (Rendon et al. 2008), Ireland (Crowe et al. 2008), China (Ma et al. 2009; Fox et al. 
2010), Illinois, United States of America [USA] (Ward et al. 2010) and Australia (Kingsford 
and Thomas, 2004; Kingsford and Halse, 2012).  
 
One of the dominant causes for wetland dependent bird decline has been habitat 
fragmentation and the degradation of natural wetlands (Kingsford and Thomas, 2004; 
NAWMP, 2004; Rogers and Paton, 2009) due to changes in the landscape for agriculture 
(OECD, 1996). With their removal, these wetlands are replaced with monocultures of crops 
and or livestock pasture. This has significantly reduced the number of wetlands available for 
those birds that use them (Kingsford and Thomas, 2004).  
 
Although agriculture has extensively modified the environment, this land use may also 
provide an important habitat for biodiversity conservation, particularly when natural habitat 
has been removed or degraded (Fischer et al. 2012). One such example is the construction of 
farm dams that have accompanied water resource development for irrigation and other 
agricultural activities which may provide wetland habitat for birds (Froneman et al. 2001; 
Fang et al. 2009). The potential of farm dams, and other artificial wetlands, as habitat for 
birds has received some attention in countries such as South Africa (Froneman et al. 2001), 
Taiwan (Fang et al. 2009), China (Ma et al. 2004) and Spain (Kloskowski et al. 2009; 
Moreno-Mateo et al. 2009; Sebastian-Gonzalez et al. 2010). 
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These habitats have been considered particularly important because they have adopted a dual 
role whereby they were created for agricultural uses but have inadvertently played a role in 
bird conservation (Ma et al. 2004; Sanchez-Zapata et al. 2005) because they provide 
important resources for foraging, roosting and breeding for birds (Czech and Parsons, 2002). 
One role of their presence in the landscape is that they provide aquatic connectivity (Bowne 
et al. 2006) and they may act as complimentary habitat to those remaining natural wetlands in 
the environment (Connor and Gabor, 2006; Kloskowski et al. 2009). Farms dams may also 
potentially mitigate the loss of natural habitats from the wetland mosaic (Ma et al. 2010).  
 
Across the globe, agricultural lands have become increasingly under pressure, mostly due to 
urban encroachment (Fischer, et al. 2012). This is occurring in such areas as the USA 
(Fairchild, et al. 2012), United Kingdom [UK] (Beebee, 1997; Boothby and Hull, 1997; 
Wood et al. 2003; Jeffries, 2012), France (Curado, et al. 2011) and Taiwan (Fang, et al. 2009; 
Huang, et al. 2012). Typically, as agricultural land is urbanised, farm dams are replaced with 
wetlands constructed to ameliorate flooding issues associated with the increases of 
impervious surfaces (Goonetilleke et al. 2005). Although urban stormwater wetlands have 
been recognised as habitat for birds (e.g. Sparling et al. 2007), the loss of farm dams in the 
landscape with urbanisation has been demonstrated to have adverse effects on wetland 
dependent bird populations (Fang et al. 2009).  
 
Australian agriculture dates to early European settlement in the 1880s, and it has continually 
expanded since that time (Pollard, 2000) to become the basis of a major export industry. 
Overall, 60.00% of Australia’s land mass is dedicated to agriculture with predominant 
agricultural activities including sheep and cattle grazing for beef and dairy, together with 
various food crops such as wheat, fruit, and sugar cane (EWHAC, 2010).   
 
One of the key issues facing farmers in Australia is securing water resources, particularly as 
Australia is a drought prone country with an unpredictable rainfall (EWHAC, 2010). As a 
consequence, water resource development has been ongoing for over 100 years (Arthington 
and Pusey, 2003; Kingsford, 2003), and Australia has the highest water storage per person in 
the world (Wasson et al. 1996; ABS, 2010). 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
200 
 
A large portion of this water is used for irrigation which is often held in farm dams (Lewis, 
2002). These dams may have typically been constructed several decades ago and have often 
evolved to form an ecological link in the landscape (Brainwood and Burgin, 2009). Farm 
dams may also act to provide potential habitats for birds (Froneman et al. 2001; Czech and 
Parsons, 2002).   
 
As with the situation across the globe, farm dams in Australia are often threatened by 
urbanisation. These actions; however, are unregulated across the country and the actual losses 
to urbanisation have been unknown (Brainwood and Burgin, 2009). With a projected 
population expansion from 22.7 million in 2012 to between 36.8 and 48.3 million by 2061 
(ABS, 2013), largely due to rapid expansion of urban and peri-urban regions, urban 
development will further encroach on the outer urban edges of cities, which are already 
considered some of the most rapidly urbanising areas of Australia (Butt, 2011). This 
expansion is accompanied by the loss of farm dams although there is limited information on 
the consequences of the effects of such wetland loss for the birds that depend on them. 
However, selected studies, such as in Taiwan, have demonstrated that farm dam loss can 
negatively affect associated bird populations (Fang et al. 2009). Studies in Australia have 
concentrated on birds that use urban wetlands (Murray 2013 a), sewage treatment ponds 
(Murray et al. 2013 b) and rice paddies (Taylor and Schultz, 2010). There have been few 
studies that have focused on the use of farm dams by waterbirds. Broome and Jarman (1982) 
investigated the use of large artificial farm dams by birds in the Namoi Valley, New South 
Wales [NSW] and Kingsford (1992) reported on the success of the Australian Wooduck 
Chenonetta jubata due to the construction of farm dams in Taralga in the Australian Capital 
Territory [ACT]; however, none of these studies considered the impacts of farm dam removal 
with urbanisation on water-associated birds.  
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6.1.1 Aim of this chapter 
 
The aim of the chapter is to: 
 
 Investigate the significance of farm dams embedded in the agricultural landscape as 
potential habitat for water associated birds. 
 Determine the changes in bird diversity, abundance and assemblages that occur when 
farm dams are removed and the landscape altered for urbanisation. These will be 
compared with those water-associated birds in pre-agricultural (natural) wetlands.   
 Quantify the chemical and physical properties of wetlands in the study area including 
those within natural, agricultural and urban landscapes to give an insight into their 
habitat potential for water-associated birds and the effects of these parameters on bird 
populations. 
 
It is hypothesised that the abundance and diversity of water associated birds will be lower in 
urban wetlands compared to farm dams and natural wetlands, with those wetlands in urban 
environs exhibiting the least abundance and diversity. It is expected that the response of 
water birds to wetland type will be species specific. Those that inhabit open terrestrial areas 
are expected to be more abundant in agricultural landscapes than those that will occur in 
natural wetlands with intact vegetation preferring more closed habitats. It is expected that 
urbanisation negatively affects all groups of birds. 
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6.2 Methods 
 
6.2.1 Experimental design 
 
Wetlands were sampled for birds across three land use types within the study area; those 
situated within natural areas (natural wetlands), agricultural areas (farm dams) and urban 
centres (urban wetlands). A total of six of each wetland type was sampled from summer 2012 
to summer 2013. Two replicates were taken at each wetland within each season. The limited 
number of natural wetlands within an area and a lack of alternative sites meant that this 
category tended not to be randomly chosen but rather were the only available that fitted the 
pre-described criteria of those which best represented natural habitats (i.e. not heavily 
modified for human purposes). Access to farm dams was restricted to landholder’s agreement 
to participate in the research. There was no restriction on the use of urban wetlands, and those 
sampled were randomly chosen from among those available.  
 
6.2.2 Bird Surveys 
 
Birds were only recorded when they were observed at the wetland edge or on the wetland 
bank. Birds beyond this boundary were omitted from the census because it could not be 
ascertained if they were using the wetland or the wider area more generally. Birds that used 
the habitat directly such as waterbirds, terrestrial birds observed drinking from the wetland 
edge and those that foraged on wetland species, such as birds of prey, were the only birds 
counted. Birds identified by call alone were not included in the census because it was difficult 
to ascertain if they were using the wetland habitat or if they were calling from adjacent 
terrestrial habitat. This was particularly an issue in wetlands in natural areas where birds were 
frequently heard in chorus in nearby vegetation but it could not be ascertained if they were 
using the wetland habitat directly.  
 
Birds were surveyed using the point count method (Bibby, 2000). Due to the size of a 
majority of the wetlands, they were examined from a single vantage point. When the whole 
wetland could not be viewed from a single vantage point (the case with only a few wetlands) 
a second point was chosen and birds were counted from two sites. Additional sites beyond 
this were not required at any wetland. 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
203 
 
After the researcher was in place a settling period of 5 minutes was allowed to elapse to 
overcome the disturbance of the researcher’s approach to the wetland (or change of position). 
Once in place at the wetland, the researcher aimed to remain inconspicuous in order to avoid 
any disturbance which would result in disturbance to the birds. All wetland-associated birds 
were counted and recorded over a 5 minute period with the aid of binoculars (x100-National 
Geographic) to identify birds at approximately 50-75 m from the wetland edge. This 
relatively short period reduces the possibility that birds would be counted multiple times as 
individual birds are generally not readily distinguishable (Bibby et al. 2000). 
 
Birds were identified using the Field guide to the birds of Australia (Pizzey and Knight, 
2003). 
 
6.2.3 Physical parameters 
 
A measure of wetland health was determined using the criteria set out in the Wetland Care 
Australia’s Assessment Manual for Australian Wetlands (Price et al. 2008). The methods for 
open freshwater wetlands were utilised as there was no specific method for artificial wetlands. 
This was confirmed to be the appropriate approach by Ms Cassie Price, Wetland Care 
Australia. The measures of wetland health that were taken at each wetland in the study are 
shown in Table 6.1.  
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Table 6-1 The physical parameters measured at each wetland sampled for birds in 
natural, agricultural and urban landscapes in Western Sydney, Australia 
Physical parameter Components of the parameter 
Connectivity Proximity to adjacent wetland 
Surrounding roads 
Area of the wetland 
Adjacent land use 
Human disturbance Grazing 
Presence of dead trees 
Recent fires 
Signs of siltation 
Signs of polluted water 
Dead trees present 
Weeds 
Rubbish 
Recent clearing 
Drains in/out of the wetland 
Signs of domestic animals 
Signs of feral animals 
Dead/wounded animals 
Plant and bark removal 
Boat and vehicle damage 
Associated vegetation Diversity 
Number of species 
Presence of weeds 
Habitat  Presence of forest structure/layers 
Fallen branches/ trees 
Standing dead trees 
Large Hollows (trunk) 
Small Hollows (branches) 
Decorticating Bark 
Snags/ Rocks (aquatic habitat) 
Leaf Litter or debris 
Shells 
Burrows 
Floating Aquatic Plants 
Submergent Aquatic Plants 
Emergent Aquatic Plants 
Signs of fauna activity parameters 
Hydrological change or tidal restriction Alterations and changes to the wetland 
Presence of structures 
Indicators that vegetation is affected by 
hydrological change 
Fringing vegetation Diversity 
Number of species 
Presence of weeds 
The width of the vegetation 
Bank condition Signs of pugging 
Signs of erosion 
The gradient of the bank 
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6.2.4 Chemical parameters 
 
On each sampling occasion, four randomly chosen points in the wetland were used to take ten 
readings. Basic chemical parameters (see Table 6.2) of the wetland were measured with a 
Yeokal 615 Water Quality Analyser (Yeokal Electronics, Brookvale, NSW). The probe of the 
analyser was placed in the water approximately 30 cm from the water’s edge. To allow for 
any disturbance of the sediment to settle, sampling was not undertaken for approximately two 
minutes. Once these were collected they were downloaded using the Yeokal615 software into 
Microsoft Word for recording for analyses.  
 
 
Table 6-2 The chemical parameters measured at each wetland sampled for birds in 
natural, agricultural and urban landscapes in Western Sydney, Australia 
Parameter Measurement 
Depth Meters (m) 
Temperature degrees Celsius (
o
C) 
Salinity Parts per thousand (ppt) 
Dissolved oxygen % saturation (% sat) 
pH pH  
Turbidity Nephelometric turbidity units (ntu) 
 
 
6.2.5 Data analyses 
 
A One Way Analysis of Variance (ANOVA) was conducted for the abundance and diversity 
of birds for each wetland type. A Tukey’s Post-hoc test was utilised to identify specific 
differences between wetland types in the IBM Statistical Packages for the Social Sciences 
(SPSS) 20.  
 
PRIMERv6 with PERMANOVA was used to analyse the assemblages of birds. The data 
remained untransformed. A 2d non-metric multi-dimensional scaling (MDS) ordination was 
created to visually represent the data. Stress levels of the MDS were interpreted as follows: < 
0.05=an excellent representation of the data, < 0.1=a good representation of the data, < 0.2=a 
useful plot although the results should be considered with caution, and > 0.3=not an ideal 
representation of the data (Clarke and Warrick, 2001). A PERMANOVA test was undertaken 
utilising a one way design of wetland type. Post hoc pairwise tests were used to confirm the 
assemblage differences between wetland groups.  
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To determine the contributions of similarity within wetland groups and the dominant species 
within the assemblages, a SIMPER one way analysis of wetland type was undertaken in 
PRIMERv6. Utilising the method above, a one way ANOVA was then applied to the 
individual species identified in SIMPER.  
 
The physiochemical parameters were also analysed in SPSS 20 by utilising a Multivariate 
Analysis of Variance (MANOVA). A Tukey’s post hoc test identified specific differences in 
the parameters between wetland types. The DISTLM procedure was utilised to determine 
which parametres were linked to the bird data. Those non-significant results were omitted 
from the final model. A DBRDA plot was utilised to visually represent this data.  The 
strongest correlation of the physiochemical data and the bird assemblages were determined 
using a BVstep analysis in PRIMERv6. The BVstep utilises a forwards and backwards 
stepping approach that best match the selection of biotic and abiotic data (Clarke and Warrick, 
2001). 
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6.3 Results 
 
Overall, 1,791 birds were recorded, represented by 44 species (Table 6.3). Most of the 
species encountered were considered common waterbirds in the Sydney Region (Pizzey and 
Knight, 2003). One species, the blue billed duck Oxyura australis is listed as vulnerable 
under Schedule 2 of the Threatened Species and Conservation Act, 1995. These were 
recorded in natural and farm dams. 
 
At each wetland the abundance of individuals ranged from 0 to 415. Of the total number of 
species observed, five were found exclusively in farm ponds, 10 in urban wetlands and four 
in natural wetlands. Representatives of all other species were encountered in a range of 
wetland types (Table 6.3).  
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Table 6-3 Total abundance of bird species recorded at natural wetlands, farm dams and 
urban wetlands in Western Sydney, Australia 
Scientific name Common name Natural 
wetland 
Farm 
dam 
Urban 
wetland 
Birds of prey 
Haliastur sphenurus Whilstling kite 0 1 0 
Dabbling ducks 
Anas castanea Chestnut teal 2 0 0 
Anas platyrhynchos  Mallard 4 0 4 
Anas platyrhynchos 
domesticus 
Domestic duck 
0 0 20 
Anas rhynchotis Australasian shoveler 2 1 0 
Anas superciliosa Pacific black duck 22 113 415 
Chenonetta jubata Australian wooduck 57 8 41 
Diving ducks 
Aythya australis Hardhead 0 4 7 
Oxyura australis Blue billed duck 21 45 0 
Diving waterbirds 
Anhinga novaehollandiae Australasian darter 0 1 0 
Pelecanus conspicillatus Australian pelican 0 1 0 
Phalacrocorax 
melanoleucos 
Little pied cormorant 
3 3 0 
Phalacrocorax 
sulcirostris 
Little black cormorant 
0 16 0 
Phalacrocorax varius 
Australian pied 
cormorant 0 0 2 
Geese 
Anser Anser domesticus Domestic goose 0 0 10 
Rails 
Gallinula tenebrosa Dusky Moorhen 13 14 194 
Porphyrio porphyrio Purple swamphen 10 16 88 
Fulcia atra Eurasian coot 0 0 16 
     
Shorebirds 
Elseyornis melanops Black fronted dotterel 6 1 0 
Terrestrial birds 
Acanthiza nana Yellow thornbill 0 1 0 
Acridotheres tristis Noisy miner 2 2 23 
Anthochaera carunculata Red wattlebird 0 4 2 
Cacatua galerita 
Sulphur crested 
cockatoo 0 0 1 
Cacatua roseicapilla Galah 3 0 0 
Cacatua sanguinea Little corella 0 0 3 
Calyptorhynchus 
funereus 
Yellow tailed black 
cockatoo 0 3 0 
Columba livia Rock dove 0 0 215 
Corvus coronoides Australian raven 6 0 1 
Corvus splendens House crow 0 0 2 
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Scientific name Common name Natural 
wetland 
Farm 
dam 
Urban 
wetland 
Dacelo leachii 
Blue winged 
kookaburra 1 0 0 
Grallina cyanoleuca Magpielark 5 1 12 
Gymnorhina tibicen Australian magpie 0 0 3 
Manorina melanocephala Noisy miner 17 8 41 
Manorina melanophrys Bell miner 1 0 0 
Ocyphaps lophotes Crested pigeon 0 0 4 
Platycercus eximius Eastern rosella 0 1 1 
Rhipidura leucophrys Willie wagtail 3 4 14 
Streptopelia chinensis Spotted dove 0 12 6 
Trichoglossus 
haematodus 
Rainbow lorikeet 
2 0 2 
Waders 
Ardea pacifica White necked heron 4 2 0 
Ardea spp. Egret 0 19 3 
Egretta novaehollandiae White-faced heron 1 2 6 
Platalea regia Royal spoonbill 0 0 5 
Threskiornis molucca Australian white ibis 8 15 90 
Vanellus miles Masked lapwing 0 3 15 
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6.3.1 Abundance of birds 
 
The abundance of birds was similar in natural wetlands and farm dams but urban wetlands 
had a higher abundance than either the natural wetlands or farm dams (Figure 6.1; Table 6.4; 
6.5).  
 
 
 
Figure 6-1 Mean abundance of birds found in natural wetlands, farm dams and urban 
wetlands in five seasons (summer 2012-summer 2013) in Western Sydney, Australia  (± 
S.E., n=6) 
 
 
Table 6-4 A One Way Analysis of Variance of the mean abundance of birds in natural 
wetlands, farm dams and urban wetlands in five seasons (summer 2012-summer 2013) 
in Western Sydney, Australia 
Source Sum of Squares df Mean square F Sig. 
Between groups 14013.378 2 7006.689 14.078 0.000 
Within groups 88094.817 177 497.711   
Total 102108.194 179    
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Table 6-5 A Tukey’s post hoc analysis of the mean abundance of birds between natural 
wetlands, farm dams and urban wetlands in five seasons (summer 2012-summer 2013) 
in Western Sydney, Australia 
Wetland 
type 
Wetland 
type 
Mean 
diff. 
Std. 
error 
Sig. Lower 
bound 
Upper 
bound 
Urban Natural 18.033 4.073 0.000 8.406 27.661   
 Farm 19.333 4.073 0.000 9.706 28.961   
Natural Urban -18.033 4.073 0.000 -27.661 -8.406   
 Farm 1.300 4.073 0.945 -8.327 10.927   
Farm Urban -19.333 4.073 0.000 -28.961 -9.706   
 Natural -1.300 4.073 0.945 -10.927 8.327   
 
 
6.3.2 Bird diversity 
 
The diversity of birds was similar in natural wetlands and farm dams. Urban wetlands had a 
higher diversity of birds than natural wetlands or farm dams (Figure 6.2; Table 6.6; 6.7).  
 
 
 
Figure 6-2 Mean diversity of birds encountered in natural wetlands, farm dams and 
urban wetlands in five seasons (summer 2012-summer 2012) in Western Sydney, 
Australia (± S.E., n=6)  
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Table 6-6 A One Way Analysis of Variance of the mean diversity of birds in natural 
wetlands, farm dams and urban wetlands  in five seasons (summer 2012-summer 2013) 
in Western Sydney, Australia 
Source Sum of Squares df Mean square F Sig. 
Between groups 162.211 2 81.106 13.380 0.000 
Within groups 1072.900 177 6.062   
Total 1235.111 179    
 
 
Table 6-7 A Tukey’s post hoc analysis of the mean diversity of birds between natural 
wetlands, farm dams and urban wetlands in five seasons (summer 2012-summer 2013) 
in Western Sydney, Australia 
Wetland 
type 
Wetland 
type 
Mean 
diff. 
Std. 
error 
Sig. Lower 
bound 
Upper 
bound 
Urban Natural 2.217 0.449 0.000 1.154 3.279   
 Farm 1.716 0.449 0.001 0.654 2.779   
Natural Urban -2.216 0.449 0.000 -3.279 -1.154   
 Farm -0.500 0.449 0.508 -1.562 0.562   
Farm Urban -1.717 0.449 0.001 -2.779 -0.654   
 Natural 0.500 0.449 0.508 -0.562 1.562   
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6.3.3 Bird assemblages 
 
The assemblages of birds differed between natural wetlands, farm dams and urban wetlands 
(Figure 6.3). All groups were significantly different from each other (Tables 6.8; 6.9).  
 
 
 
Figure 6-3 Assemblages of birds observed in natural wetlands, farm dams and urban 
wetlands in five seasons (summer 2012-summer 2013) in Western Sydney, Australia. 
Data is untransformed (n=6) 
 
 
Table 6-8 PERMANOVA analysis of the bird assemblages in natural wetlands, farm 
dams and urban wetlands in five seasons (summer 2012-summer 2013) in Western 
Sydney, Australia 
Source df SS MS Pseudo-F p Unique perms 
Wetland 2 29089 14545 6.062 0.001 999 
Residual 177 4.246 2399.300    
Total 179 4.537     
 
 
Table 6-9 Pairwise PERMANOVA analysis of bird assemblages between wetland 
groups of natural wetlands, farm dams and urban wetlands in five seasons (summer 
2012-summer 2013) in Western Sydney, Australia 
Groups T p Perms 
Urban, natural 3.019 0.001 999 
Urban, farm 2.373 0.001 998 
Natural, farm 1.789 0.013 998 
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Each wetland type had a similar suite of bird species. The exception was the white necked 
heron Ardea pacifica and O. australis which were found only in farm dams and natural 
wetlands. The species that contributed to similarity within wetland groups are presented in 
Table 6.10. Within wetland bird assemblage similarity ranged from 4.30% (natural wetlands) 
to 11.43% (urban wetlands).  
 
 
Table 6-10 The similarity of wetland groups by individual species in SIMPER in natural 
wetlands, farm dams and urban wetlands in five seasons (summer 2012-summer 2013) 
in Western Sydney, Australia 
Wetland 
type 
Average 
similarity 
(%) 
Species Av. 
Ab 
Av. 
sim 
Sim/SD Cont. 
(%) 
Cum. 
Cont. 
(%) 
Natural 4.30 Chenonetta jubata 0.95 0.99 0.17 23.09 23.09 
  Anas superciliosa 0.37 0.96 0.17 22.40 45.49 
  Manorina 
melanocephala 
0.28 0.84 0.13 19.45 64.94 
  Gallinula 
tenebrosa 
0.22 0.71 0.11 16.61 81.55 
  Anas pacifica 0.07 0.32 0.06 7.56 89.11 
  Oxyura australis 0.35 0.21 0.06 4.93 94.04 
Farm 6.88 Anas superciliosa 1.88 4.93 0.38 71.65 71.65 
  Gallinula 
tenebrosa 
0.23 0.48 0.12 7.05 78.70 
  Manorina 
melanocephala 
0.13 0.36 0.09 5.30 84.00 
  Porphyrio 
porphyrio 
0.27 0.31 0.08 4.53 88.53 
  Oxyura australis 0.75 0.17 0.05 2.42 90.95 
Urban 11.43 Gallinula 
tenebrosa 
3.23 5.96 0.45 52.15 52.15 
  Anas superciliosa 6.92 2.65 0.36 23.21 75.37 
  Porphyrio 
porphyrio 
1.47 0.81 0.23 7.05 82.42 
  Chenonetta jubata 0.68 0.54 0.15 4.72 87.14 
  Manorina 
melanocephala 
0.68 0.46 0.13 4.02 91.17 
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6.3.4 The abundance of the dusky moorhen Gallinula tenebrosa in natural wetlands, farm 
dams and urban wetlands 
 
The mean abundance of the dusky moorhen Gallinula tenebrosa was similar at natural 
wetlands and farm dams but urban wetlands had a higher abundance of G. tenebrosa when 
compared to natural wetlands and farm dams (Figure 6.4 Table 6.11; 6.12).  
 
 
 
Figure 6-4 Mean abundance of Gallinula tenebrosa found in natural wetlands, farm 
dams and urban wetlands in five seasons (summer 2012-summer 2013) in Western 
Sydney, Australia (± S.E., n=6) 
 
 
Table 6-11 A One Way Analysis of Variance of the mean abundance Gallinula tenebrosa 
in natural wetlands, farm dams and urban wetlands in five seasons (summer 2012-
summer 2013) in Western Sydney, Australia 
Source Sum of 
Squares 
df Mean square F Sig. 
Between groups 362.011 2 181.006 15.785 0.000 
Within groups 2029.650 177 11.467   
Total 2391.661 179    
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Table 6-12 A Tukey’s post hoc analysis of the mean abundance of Gallinula tenebrosa 
between natural wetlands, farm dams and urban wetlands in five seasons (summer 
2012-summer 2013) in Western Sydney, Australia 
Wetland 
type 
Wetland 
type 
Mean 
diff. 
Std. 
error 
Sig. Lower 
bound 
Upper 
bound 
Urban Natural 3.017 0.618 0.000 1.555 4.478   
 Farm 3.000 0.618 0.000 1.539 4.461   
Natural urban -3.017 0.618 0.000 -4.478 -1.555   
 Farm -0.016 0.618 1.000 -1.478 1.445   
Farm urban -3.000 0.618 0.000 -4.461 -1.539   
 Natural 0.016 0.618 1.000 -1.445 1.478   
 
 
6.3.5 The abundance of the pacific black duck Anas superciliosa in natural wetlands, farm 
dams and urban wetlands 
 
The mean abundance of the pacific black duck Anas superciliosa was similar at natural 
wetlands and farm dams but they were in higher abundance in urban wetlands compared to 
natural wetlands and farm dams (Figure 6.5; Table 6.13; 6.14).  
 
 
 
Figure 6-5 Mean abundance of Anas superciliosa found in natural wetlands, farm dams 
and urban wetlands in five seasons (summer 2012-summer 2013) in Western Sydney, 
Australia (± S.E., n=6) 
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Table 6-13 A One Way Analysis of Variance of the mean abundance Anas superciliosa 
in natural wetlands, farm dams and urban wetlands in five seasons (summer 2012-
summer 2013) in Western Sydney, Australia 
Source Sum of 
Squares 
df Mean square F Sig. 
Between groups 1410.744 2 705.372 9.077 0.000 
Within groups 13754.700 177 77.710   
Total 15165.444 179    
 
 
Table 6-14 A Tukey’s post hoc analysis of the mean abundance of Anas superciliosa 
between natural wetlands, farm dams and urban wetlands in five seasons (summer 
2012-summer 2013) in Western Sydney, Australia 
Wetland 
type 
Wetland 
type 
Mean 
diff. 
Std. 
error 
Sig. Lower 
bound 
Upper 
bound 
Urban Natural 6.550 1.609 0.000 2.746 10.354   
 Farm 5.033 1.609 0.006 1.230 8.837   
Natural urban -6.550 1.609 0.000 -10.354 -2.746   
 Farm -1.517 1.609 0.614 -5.321 2.287   
Farm urban -5.033 1.609 0.006 -8.837 -1.229   
 Natural 1.517 1.609 0.614 -2.287 5.321   
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6.3.6 The abundance of the Australian wooduck Chenonetta jubata in natural wetlands, farm 
dams and urban wetlands 
 
The mean abundance of the Australian wooduck Chenonetta jubata was similar in all wetland 
groups (Figure 6.6; Table 6.15).  
 
 
 
Figure 6-6 Mean abundance of Chenonetta jubata found in natural wetlands, farm dams 
and urban wetlands in five seasons (summer 2012-summer 2013) in Western Sydney, 
Australia (± S.E., n=6) 
 
 
Table 6-15 A One Way Analysis of Variance of the mean abundance of Chenonetta 
jubata in natural wetlands, farm dams and urban wetlands in five seasons (summer 
2012-summer 2013) in Western Sydney, Australia 
Source Sum of 
Squares 
df Mean square F Sig. 
Between groups 20.811 2 10.406 2.771 0.065 
Within groups 664.767 177 3.756   
Total 685.578 179    
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6.3.7 The abundance of the bell miner Manorina melanocephala in natural wetlands, farm 
dams and urban wetlands 
 
The abundance of the bell miner Manorina melanocephala was lower in farm dams than 
urban wetlands but not natural wetlands. Urban and natural wetlands were not different 
(Figure 6.7; Table 6.16; 6.17).  
 
 
 
Figure 6-7 Mean abundance of Manorina melanocephala found in natural wetlands, 
farm dams and urban wetlands in five seasons (summer 2012-summer 2013) in Western 
Sydney, Australia (± S.E., n=6) 
 
 
Table 6-16 A One Way Analysis of Variance of the mean abundance of Manorina 
melanocephala in natural wetlands, farm dams and urban wetlands in five seasons 
(summer 2012-summer 2013) in Western Sydney, Australia 
Source Sum of 
Squares 
df Mean square F Sig. 
Between groups 9.700 2 4.850 3.300 0.039 
Within groups 260.100 177 1.469   
Total 269.800 179    
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
Natural Farm Urban
M
ea
n
 M
a
n
o
ri
n
a
 m
el
a
n
o
ce
p
h
a
la
 
a
b
u
n
d
a
n
ce
 
Wetland type 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
220 
 
Table 6-17  A Tukey’s post hoc analysis of the mean abundance of Manorina 
melanocephala  between natural wetlands, farm dams and urban wetlands in five 
seasons (summer 2012-summer 2013) in Western Sydney, Australia 
Wetland 
type 
Wetland 
type 
Mean 
diff. 
Std. 
error 
Sig. Lower 
bound 
Upper 
bound 
Urban Natural 0.400 0.221 0.170 -0.123 0.923   
 Farm 0.550 0.221 0.037 0.026 1.073   
Natural urban -0.400 0.221 0.170 -0.923 0.123   
 Farm 0.150 0.221 0.777 -0.373 0.673   
Farm urban -0.550 0.221 0.037 -1.073 -0.027   
 Natural -0.150 0.221 0.777 -0.673 0.373   
 
 
6.3.8 The abundance of the white necked heron Ardea pacifica in natural wetlands, farm 
dams and urban wetlands 
 
The abundance of A.  pacifica was not different at farm dams and natural wetlands (Figure 
6.8; Table 6.18).  
 
 
 
Figure 6-8 Mean abundance of Ardea pacifica found in natural wetlands, farm dams 
and urban wetlands in five seasons (summer 2012-summer 2013) in Western Sydney, 
Australia (± S.E., n=6) 
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Table 6-18 A One Way Analysis of Variance of the mean abundance of Ardea pacifica in 
natural wetlands, farm dams and urban wetlands in five seasons (summer 2012-summer 
2013) in Western Sydney, Australia 
Source Sum of 
Squares 
df Mean square F Sig. 
Between groups 0.133 2 0.067 1.539 0.217 
Within groups 7.667 177 0.043   
Total 7.800 179    
 
 
6.3.9 The abundance of the blue billed duck Oxyura australis in natural wetlands, farm dams 
and urban wetlands 
 
There was no significant difference of the abundance of O.  australis in farm dams and 
natural wetlands (Figure 6.9; Table 6.19).  
 
 
 
Figure 6-9 Mean abundance of Oxyura australis found in natural wetlands, farm dams 
and urban wetlands in five seasons (summer 2012-summer 2013) in Western Sydney, 
Australia (± S.E., n=6) 
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Table 6-19 A One Way Analysis of Variance of the mean abundance of Oxyura australis 
in natural wetlands, farm dams and urban wetlands in five seasons (summer 2012-
summer 2013) in Western Sydney, Australia 
Source Sum of 
Squares 
df Mean square F Sig. 
Between groups 16.900 2 8.450 1.628 0.199 
Within groups 918.900 177 5.192   
Total 935.800 179    
 
 
6.3.10 The abundance of the purple swamphen Porphyrio porphyrio in natural wetlands, 
farm dams and urban wetlands 
 
The abundance of the purple swamphen Porphyrio porphyrio was equivalent in farm dams 
and natural wetlands. Urban wetlands were had a higher abundance when compared to farm 
dams and natural wetlands (Figure 6.10; Table 6.20; 6.21).  
 
 
 
Figure 6-10 Mean abundance of Porphyrio porphyrio found in natural wetlands, farm 
dams and urban wetlands in five seasons (summer 2012-summer 2013) in Western 
Sydney, Australia (± S.E., n=6) 
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Table 6-20 A One Way Analysis of Variance of the mean abundance of Porphyrio 
porphyrio in natural wetlands, farm dams and urban wetlands in five seasons (summer 
2012-summer 2013) in Western Sydney, Australia 
Source Sum of 
Squares 
df Mean square F Sig. 
Between groups 62.800 2 31.400 9.341 0.000 
Within groups 595.000 177 3.362   
Total 657.800 179    
 
 
Table 6-21 A Tukey’s post hoc analysis of the mean abundance of Porphyrio porphyrio  
between natural wetlands, farm dams and urban wetlands in five seasons (summer 
2012-summer 2013) in Western Sydney, Australia 
Wetland 
type 
Wetland 
type 
Mean 
diff. 
Std. 
error 
Sig. Lower 
bound 
Upper 
bound 
Urban Natural 1.300 0.335 0.000 0.509 2.091   
 Farm 1.200 0.335 0.001 0.409 1.991   
Natural urban -1.300 0.335 0.000 -2.091 -0.509   
 Farm -0.100 0.33 0.952 -0.891 0.691   
Farm urban -1.200 0.335 0.001 -1.991 -0.409   
 Natural 0.100 0.335 0.952 -0.691 0.891   
 
6.3.11 Chemical characteristics of wetlands 
 
Temperature (Figure 6.11) and dissolved oxygen (Figure 6.13) were similar in farm dams and 
natural wetlands but urban wetlands had a higher temperature and dissolved oxygen (Table 
6.22; 6.23)   
 
Salinity was the highest in farm dams and lowest in natural wetlands. Urban wetlands had a 
lower salinity than farm dams but higher than natural wetlands (Figure 6.12; Table 6.22; 
6.23).  
 
pH was lower in natural wetlands than farm dams. pH was similar in urban wetlands and farm 
dams.  Natural wetlands had a similar pH to urban wetlands (Figure 6.14; Table 6.22; 6.23).  
 
Farm dams had the deepest water and natural wetlands were the shallowest. The water in 
urban wetlands was deeper than in natural wetlands but not deeper than the water in farm 
dams (Figure 6.15; Table 6.22; 6.23).  
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Turbidity was the lowest in farm dams and highest in urban wetlands. Natural wetlands had a 
higher turbidity than farm dams but this was not higher than urban wetlands (Figure 6.16; 
Table 6.22; 6.23).  
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Figure 6-13 Mean dissolved oxygen of natural wetlands, 
farm dams and urban wetlands in five seasons (summer 
2012-summer 2013) in Western Sydney, Australia (± S.E., 
n=6) 
 
Figure 6-14 Mean pH of natural wetlands, farm dams and 
urban wetlands in five seasons (summer 2012-summer 2013) in 
Western Sydney, Australia (± S.E., n=6) 
 
Figure 6-11 Mean temperature of natural wetlands, 
farm dams and urban wetlands in five seasons (summer 
2012-summer 2013) in Western Sydney, Australia (± 
S.E., n=6) 
 
Figure 6-12 Mean salinity of natural wetlands, farm dams 
and urban wetlands in five seasons (summer 2012-summer 
2013) in Western Sydney, Australia (± S.E., n=6) 
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Figure 6-16 Mean turbidity of natural wetlands, farm dams and 
urban wetlands in five seasons (summer 2012-summer 2013) in 
Western Sydney, Australia (± S.E., n=6) 
 
Figure 6-15 Mean depth of natural wetlands, farm dams and urban 
wetlands in five seasons (summer 2012-summer 2013) in Western 
Sydney, Australia (± S.E., n=6) 
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Table 6-22 Multivariate Analysis of Variance of the chemical wetland data between 
wetland sites of natural wetlands, farm dams and urban wetlands in Western Sydney, 
Australia 
Source Dependent 
Variable 
Type III Sum of 
Squares 
df Mean 
Square 
F Sig. 
Wetland Depth 31.728 2 15.864 142.442 0.000 
 Temperature 947.848 2 473.924 14.017 0.000 
 Salinity 85.239 2 42.620 40.335 0.000 
 DO 54711.224 2 27355.612 45.900 0.000 
 PH 3.579 2 1.790 3.888 0.021 
 Turbidity 9300041.666 2 4650020.833 130.891 0.000 
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Table 6-23  A Tukey’s post hoc analysis of the chemical wetland parameters  between natural wetlands, farm dams and urban wetlands 
in five seasons in Western Sydney, Australia 
Dependent 
variable 
Wetland Wetland Mean 
difference 
Standard 
error 
Significance Lower bound  Upper bound 
 
Depth Urban Natural 0.051 0.014 0.001 0.017 0.084 
  Farm -0.177 0.014 0.000 -0.210 -0.144 
 Natural Urban -0.051 0.014 0.001 -0.084 -0.017 
  Farm -0.228 0.014 0.000 -0.261 -0.195 
 Farm Urban 0.177 0.014 0.000 0.144 0.210 
  Natural 0.228 0.014 0.000 0.195 0.261 
Temperature Urban Natural 1.250 0.247 0.000 0.669 1.830 
  Farm 0.965 0.247 0.000 0.384 1.545 
 Natural Urban -1.250 0.247 0.000 -1.830 -0.669 
  Farm -0.285 0.247 0.482 -0.865 0.295 
 Farm Urban -0.965 0.247 0.000 -1.545 -0.384 
  Natural 0.285 0.247 0.482 -0.295 0.865 
Salinity Urban Natural 0.196 0.043 0.000 0.093 0.298 
  Farm -0.196 0.043 0.000 -0.299 -0.094 
 Natural Urban -0.196 0.043 0.000 -0.298 -0.093 
  Farm -0.39 0.043 0.000 -0.495 -0.290 
 Farm Urban 0.196 0.043 0.000 0.094 0.299 
  Natural 0.393 0.043 0.000 0.290 0.495 
DO Urban Natural 7.509 1.039 0.000 5.073 9.946 
  Farm 9.415 1.039 0.000 6.978 11.851 
 Natural Urban -7.509 1.039 0.000 -9.946 -5.073 
  Farm 1.905 1.039 0.159 -0.530 4.342 
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Dependent 
variable 
Wetland Wetland Mean 
difference 
Standard 
error 
Significance Lower bound  Upper bound 
 
 Farm Urban -9.415 1.039 0.000 -11.851 -6.978 
  Natural -1.905 1.039 0.159 -4.342 0.530 
pH Urban Natural 0.040 0.028 0.346 -0.027 0.107 
  Farm -0.040 0.028 0.342 -0.108 0.027 
 Natural Urban -0.040 0.028 0.346 -0.107 0.027 
  Farm -0.080 0.028 0.015 -0.148 -0.012 
 Farm Urban 0.040 0.028 0.342 -0.027 0.108 
  Natural 0.080 0.028 0.015 0.012 0.148 
Turbidity Urban Natural 99.269 8.022 0.000 80.458 118.079 
  Farm 122.057 8.022 0.000 103.247 140.868 
 Natural Urban -99.269 8.022 0.000 -118.079 -80.458 
  Farm 22.788 8.022 0.013 3.978 41.599 
 Farm Urban -122.057 8.022 0.000 -140.868 -103.247 
  Natural -22.788 8.022 0.013 -41.599 -3.978 
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6.3.12 Physical characteristics of wetlands 
 
The mean bank condition was lowest in farm dams but natural wetlands and urban wetlands 
had a similar bank condition (Figure 6.17; Table 6.24; 6.25).  
 
The mean surrounding vegetation was similar at farm dams and natural wetlands but was 
lower in urban wetlands (Figure 6.18; Table 6.24; 6.25).  
 
Human disturbance (Figure 6.19), hydrological disturbance (Figure 6.20) and the removal of 
fringing vegetation (Figure 6.23) was most evident at urban wetlands. Habitat potential 
(Figure 6.22) was also the lowest in urban wetlands. Farm dams had less human disturbance 
than urban wetlands, were less hydrologically modified, and had more fringing vegetation 
than urban wetlands. Farm dams also have a higher habitat potential. Natural wetlands 
remained the least disturbed and modified wetland type. Natural wetlands also retained the 
most fringing vegetation and had a higher habitat potential than farm dams and urban 
wetlands (Table 6.24; 6.25).  
 
Farm dams were more connected in the landscape than urban wetlands but were not as 
connected as natural wetlands (Figure 6.21; Table 6.24; 6.25).  
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Figure 6-17 Mean bank condition of natural 
wetlands, farm dams and urban wetlands in 
Western Sydney, Australia (± S.E., n=6) 
 
Figure 6-18 Mean surrounding vegetation of 
natural wetlands, farm dams and urban wetlands 
in Western Sydney, Australia (± S.E., n=6) 
 
Figure 6-19 Mean human disturbance of natural wetlands, 
farm dams and urban wetlands in Western Sydney, 
Australia (± S.E., n=6) 
 
 
Figure 6-20 Mean hydrological change of natural 
wetlands, farm dams and urban wetlands in Western 
Sydney, Australia (± S.E., n=6) 
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Figure 6-21 Mean connectivity of natural wetlands, farm 
dams and urban wetlands in Western Sydney, Australia (± 
S.E., n=6) 
 
Figure 6-22 Mean habitat potential of natural wetlands, farm 
dams and urban wetlands in Western Sydney, Australia (± S.E., 
n=6) 
 
Figure 6-23 Mean fringing vegetation of natural wetlands, 
farm dams and urban wetlands in Western Sydney, 
Australia (± S.E., n=6) 
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Table 6-24 A Multivariate Analysis of Variance of the physical wetland data 
between wetland sites of natural wetlands, farm dams and urban wetlands in 
Western Sydney, Australia 
Source Dependent 
Variable 
Type III Sum 
of Squares 
df Mean 
Square 
F Sig. 
Wetland Connectivity 31711.280 17 1865.369 68.557 0.000 
 
Human 
disturbance 
104147.857 17 6126.345 48.562 0.000 
 Vegetation 17641.247 17 1037.720 42.381 0.000 
 
Habitat 
potential 
30624.907 17 1801.465 65.343 0.000 
 
Hydrological 
change 
247856.429 17 14579.790 94.141 0.000 
 
Bank 
condition 
76150.561 17 4479.445 68.564 0.000 
 
Fringing 
vegetation 
49145.000 17 2890.882 39.839 0.000 
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Table 6-25 A Tukey’s post hoc analysis of the physical wetland parameters between natural wetlands, farm dams and urban wetlands in 
Western Sydney, Australia 
Dependent variable Wetland Wetland Mean difference Standard error Significance Lower bound  Upper bound 
 
Connectivity Urban Natural -22.783 1.179 0.000 -25.565 -20.002 
  Farm -5.853 1.179 0.000 -8.635 -3.071 
 Natural Urban 22.783 1.179 0.000 20.002 25.565 
  Farm 16.930 1.179 0.000 14.148 19.712 
 Farm Urban 5.853 1.179 0.000 3.071 8.635 
  Natural -16.930 1.179 0.000 -19.712 -14.148 
Human disturbance Urban Natural -44.642 2.183 0.000 -49.791 -39.493 
  Farm -21.071 2.183 0.000 -26.220 -15.922 
 Natural Urban 44.642 2.183 0.000 39.493 49.791 
  Farm 23.571 2.183 0.000 18.422 28.720 
 Farm Urban 21.071 2.183 0.000 15.922 26.220 
  Natural -23.571 2.183 0.000 -28.720 -18.422 
Surrounding vegetation Urban Natural -6.728 1.420 0.000 -10.076 -3.380 
  Farm -5.975 1.420 0.000 -9.323 -2.626 
 Natural Urban 6.728 1.420 0.000 3.380 10.076 
  Farm 0.753 1.420 0.856 -2.594 4.101 
 Farm Urban 5.975 1.420 0.000 2.626 9.323 
  Natural -0.753 1.420 0.856 -4.101 2.594 
Habitat potential Urban Natural -10.464 1.627 0.000 -14.301 -6.626 
  Farm 4.000 1.627 0.039 0.162 7.837 
 Natural Urban 10.464 1.627 0.000 6.626 14.301 
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Dependent variable Wetland Wetland Mean difference Standard error Significance Lower bound  Upper bound 
 
  Farm 14.464 1.627 0.000 10.626 18.301 
 Farm Urban -4.000 1.627 0.039 -7.837 -0.162 
  Natural -14.464 1.627 0.000 -18.301 -10.626 
Hydrological change Urban Natural -63.214 3.152 0.000 -70.648 -55.780 
  Farm -46.428 3.152 0.000 -53.862 -38.994 
 Natural Urban 63.214 3.152 0.000 55.780 70.648 
  Farm 16.785 3.152 0.000 9.351 24.219 
 Farm Urban 46.428 3.152 0.000 38.994 53.862 
  Natural -16.785 3.152 0.000 -24.219 -9.351 
Bank condition Urban Natural -.921 2.437 0.924 -6.668 4.825 
  Farm 22.403 2.437 0.000 16.656 28.150 
 Natural Urban 0.921 2.437 0.924 -4.825 6.668 
  Farm 23.325 2.437 0.000 17.578 29.071 
 Farm Urban -22.403 2.437 0.000 -28.150 -16.656 
  Natural -23.325 2.437 0.000 -29.071 -17.578 
Fringing vegetation Urban Natural -24.464 1.921 0.000 -28.994 -19.934 
  Farm -5.714 1.921 0.009 -10.244 -1.184 
 Natural Urban 24.464 1.921 0.000 19.934 28.994 
  Farm 18.750 1.921 0.000 14.219 23.280 
 Farm Urban 5.714 1.921 0.009 1.184 10.244 
  Natural -18.750 1.921 0.000 -23.280 -14.219 
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6.3.13 The DISTLM and DBRDA analysis of the physical and chemical parametres 
and bird biotic patterns 
 
Marginal tests indicated that there were 5 factors that were significant contributors to 
the variation in bird assemblages when utilising abundance data. These were 
contributed to by human disturbance (7.73%), bank condition index (3.36%) and 
dissolved oxygen (2.92%). Fringing vegetation and pH contributed only 1.00% to the 
model. All parameters were significantly linked to the variation in bird assemblages 
(p=<0.05) (Table 6.26; Figure 6.24).  
 
Sequential tests determined the contributions of each variable to the model. Human 
disturbance was the strongest (7.30%) followed by fringing vegetation (4.50%). 
Dissolved oxygen, pH and bank condition contributed approximately 1.00% to the 
model. These parameters accounted for 14.30% of the total variation of bird 
assemblages (Table 6.27; Figure 6.24).  
 
 
Figure 6-24 The dbRDA plot of the physiochemical properties as predictor 
variables with the bird biotic data
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Table 6-26 The marginal tests indicating the factors that were linked to variation 
in bird assemblages collected in five seasons (summer 2012-summer 2013) in 
natural wetlands, farm dams and urban wetlands in Western Sydney 
Variable SS 
(trace) 
Pseudo-F P Prop. 
Fringing Vegetation Index      0.031  1.731E-2 5661.7 0 2.290 0.031 0.017 
Dissolved oxygen 9567.200 3.920 0.003 0.029 
pH  6331.100 2.570 0.016 0.019 
Human Disturbance  25284 10.900 0.001 0.07 
Bank Condition Index  1100.000 4.520 0.002 0.033 
 
 
Table 6-27 The sequential tests indicating the factors that were linked to 
variation in bird assemblages collected in five seasons (summer 2012-summer 
2013) in natural wetlands, farm dams and urban wetlands in Western Sydney 
Variable R^2 SS(trace) Pseudo-
F 
P Prop. Culm. Res.df 
Human 
disturbance 
0.073 25284 10.891 0.001 0.073 0.073 130 
Bank condition 0.095 5841.600 2.546 0.019 0.017 0.095 129 
Dissolved oxygen 0.112 5662.900 2.497 0.013 0.017 0.112 128 
Fringing 
vegetation 
0.157 14880 6.861 0.001 0.045 0.157 127 
pH 0.177 6305.100 2.952 0.008 0.019 0.177 126 
 
 
6.3.14 Correlation of physical and chemical parameters with bird biotic patterns 
 
A model including connectivity, human disturbance and habitat potential were 
identified in a BVstep analysis as the most the most influential factors on bird biotic 
patterns. The spearman’s correlation for the subset and the bird abundance data was 
p=0.173.   
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6.4 Discussion 
 
6.4.1 How important are farm dams? Their comparison to natural habitats 
 
In this study, farm dams were observed to support a similar abundance of birds as 
natural wetlands. This confirms that the presence of farm dams in the landscape are 
advantageous for birds (Froneman et al. 2001; Sanchez-Zapata et al. 2005; Okes et al. 
2008; Sebastian-Gonzalez, 2010) and that they are able to maintain similar numbers 
of birds as natural wetlands. Sanchez-Zapata et al. (2005) found that the presence of 
artificial wetlands actually increased the abundance of some species (e.g. black wing 
stilts Himantopus himantopus, little grebes Tachybaptus ruficollis and little ringed 
plovers Charadrius dubius) such that the abundance of these species was higher than 
the surrounding natural wetlands in Spain.  
 
The results of this study are in contrast to the results of other studies. Tourenq (2001) 
compared birds in rice fields (agricultural habitats) and natural marsh lands in France 
and found that natural marshes had a higher abundance of birds than agricultural 
habitats. Rice fields generally only contributed 1.00% of the abundance while natural 
marshes contributed 99.00% of the local bird abundance. Ma et al. (2004) found that 
natural wetlands contributed to 83.30% of the local bird abundance whilst in 
comparison, aquaculture ponds accounted for only 16.20% of the abundance of birds 
in their study in China.  
 
In the current study farm dams were habitat for the vulnerable (NSW) O. australis 
and the A. superciliosa, for example, which were also detected in natural wetlands. 
These species are able to exploit farm dams and the resources they provide, for 
example, as foraging and breeding sites (Sebastian-Gonzalez, 2010). These findings 
reinforce the suggestion that artificial wetlands are significant habitat for some 
species, and the presence of these habitats in 
the environment increases their abundance (Elphick and Oring, 2003). 
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Although farm dams supported a similar diversity of birds to natural wetlands, some 
species were found only in natural wetlands and thus farm dams did not support 
similar assemblages to natural wetlands (Figure 6.4; Table 6.8; 6.9). Farm dams are, 
therefore, not a replacement for natural wetlands as bird habitat for all locally 
occurring species (Ma et al. 2004); However, Froneman et al. (2001) found that the 
presence of farm dams contributed significantly to bird diversity. They observed that 
in the Western Cape of South Africa the presence of farm dams in the landscape 
allowed for an increase in diversity to levels that were even beyond the pre-
agricultural levels. Sanchez-Zapata et al. (2005) also noted that waterbird diversity 
was higher in farm dams than in nearby natural wetlands in Spain. Fang (2004) found 
that in Taiwan, farm ponds host one fifth of all bird species in the Region. In contrast, 
in their comparison of aquaculture ponds and tidelands, Ma et al. (2004) observed that 
natural habitat had a higher diversity of birds than aquaculture ponds.   
 
Some species recorded in the current study, including the Australian shoveler Anas 
rhynchotis, A. superciliosa, C. jubata, O. australis, little pied cormorant 
Phalacrocorax melanoleucos, G. tenebrosa, P. porphyrio, black fronted dotterel 
Elseyornis melanops, A. pacifica, white faced heron, Egretta novaehollandiae, 
Australian white ibis Threskiornis molucca and several terrestrial bird species were 
common to both farm dams and natural wetlands (Table 6.3). Farm dams were also 
habitat for bird species not found in natural wetlands. These included the whistling 
kite Haliastur sphenurus, hardhead Aythya australis, Australian pelican Pelecanus 
conspicillatus, oriental darter Anhinga melanogaster, little black cormorant 
Phalacrocorax sulcirostris and the masked lapwing Vanellus miles and five terrestrial 
bird species (Table 6.3). Some species, however, were unique to natural wetlands and 
farm dams apparently provided inadequate habitat for these species. These were the 
chestnut teal A. castanea and the mallard Anas platyrhynchos, together with five 
terrestrial bird species (Table 6.3).   
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6.4.2 The effect on bird populations with urban development and the removal of farm 
dams 
 
Urban wetlands have been reported to be beneficial for bird abundance in Australia 
(Murray et al. 2013 a) and compared to urban wetlands, farm dams had a lower 
abundance of birds in the current study. Other studies have also found similar 
patterns. Murray and Hamilton (2010) reported that artificial wetlands, such as 
wastewater treatment wetlands, are important for birds. Cam et al. (2000) found that 
bird abundance was lower in farm dams compared to urban wetlands in a study in the 
Mid-Atlantic Region [USA]. Hanson (2008) also reported that urban wetlands had 
higher densities of birds compared to other wetlands of the Sackville Region of 
Canada. In contrast to the results of the current study, Smith and Fraser (2010), in a 
comparison of marshes in rural and urban watersheds at Ontario Canada, found that 
obligate marsh nesting birds preferred rural over urban wetlands.  
 
Fewer individual species were in higher abundance at farm dams than in urban 
wetlands. In farm dams there was a higher abundance of the red wattlebird 
Anthochaera carunculata, spotted dove Streptopelia chinensis and the egret Ardea sp. 
When compared with farm dams, urban wetlands had a higher abundance of A. 
australis, E. novaehollandiae, T. molucca, V. miles and five terrestrial bird species 
(Table 6.3).  
 
Farm dams were not conducive to the congregation of large flocks of species such as 
G. tenebrosa, A. superciliosa and T. molucca that occurred at urban wetlands, 
probably, at least in part, due to their relatively small surface area of farm dams 
compared to urban wetlands. As observed in the current study, Andersen et al. (2003) 
reported that some bird species using constructed wastewater wetlands formed large 
congregations at these wetlands. These congregations were predominantly composed 
of waterfowl, with ducks contributing the greatest abundance. Traut and Hostetler 
(2004) also found that in association with lakes in Florida [USA] wading bird, marsh 
bird and duck abundance were in greater abundance in wetlands situated in developed 
areas than in those that were not surrounded by development. This is also reflected in 
the current study whereby ducks, such as A. superciliosa contributed the greatest 
abundance of any species in urban wetlands.  
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Waders also were in lower overall abundance in farm dams; however, 75.00% of this 
abundance was contributed by T. molucca. This species is known to congregate in 
large numbers at urban sites where it is considered a pest species in some 
circumstances (Martin et al. 2007). The smaller size of farm dams may also 
potentially reduce the numbers of this species congregrating at these wetlands. 
 
Although there was lower overall bird abundance in farm dams than in urban 
wetlands, some of the abundance was attributable to exotic species that were not 
recorded in farm dams. These included the domestic duck Anas platyrhynchos 
domesticus, the domestic goose Anser anser domesticus and the rock dove Columba 
livia. Columba livia is considered a pest species in urban areas, and has been found to 
be in greater numbers in urban wetlands than in agricultural sites (Sacchi, 2002). 
Murray et al. (2013 a) also reported that in the Dandenong Valley [Victoria], A. p. 
domesticus and A. a. domesticus congregated at urban wetlands.  
 
The diversity of birds was greater in urban wetlands than in farm dams and the latter 
habitats did not support similar bird assemblages as farm dams (Figures 6.4; Table 
6.8; 6.9). This may be partly because farm dams were smaller than urban wetlands 
and smaller wetlands are rarely able to support as greater diversity than larger 
wetlands (Paracuellos, 2006). Similar to the current study, Hanson (2008) found that 
bird diversity was greater in sewage treatment wetlands than in other wetlands in the 
Sackville Region of Canada. Cam et al. (2000) observed that bird diversity increased 
with greater urban density. In contrast, Blair (2001) reported that as urbanisation 
encroached on farm lands, those species that were present in the pre-development 
stage declined and were ultimately lost from the area. In Taiwan, Fang et al. (2009) 
investigated bird use of irrigation ponds and also observed that when land was 
urbanised, the number of farm ponds (cf. farm dams) declined and subsequently so 
did waterbird diversity. They suggested that this was due to a decline in the number of 
these wetlands in the landscape. In the rapidly urbanising North-East of USA, 
McKinney et al. (2011) observed that 10 species were present only in urban wetlands 
compared to 19 in rural sites.  
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In the current study, some species (A. superciliosa, C. jubata, A. australis, G. 
tenebrosa, P. porphyrio, Ardea spp., E. novaehollandiae, T. molucca and V. miles) 
were common to both farm dam and urban wetland habitats. Other species (A. 
rhynchotis, P. conspicillatus, P. melanoleucos, A. novaehollandiae, P. sulcirostris, E. 
melanops, A. pacifica, yellow tailed black cockatoo Calptorhynchus funereus) only 
occurred at farm dams. Farm dams did not; however, act as habitat for all of the 
species observed. Species such as the royal spoonbill Platalea regia, Eurasian coot 
Fulcia atra and Australian pied cormorant Phalacrocorax varius were not recorded in 
association with farm dams. In urban wetlands, domestic and feral animals (A. 
platyrhynchos, A. p. domesticus, A. a. domesticus, C. livia), not considered positive 
additions to native bird populations, were present but where not recorded in farm 
dams. Furthermore, farm dams were also not used as watering sites by as many 
species of terrestrial birds as was observed in urban areas. Seven terrestrial species 
were observed drinking from the wetland edge in urban areas compared with two 
species observed to drink at farm dams (Table 6.3).  
 
6.4.3 Specific species distribution in farm dams, natural wetlands and urban wetlands 
 
The only threatened species detected was O. australis which is listed as vulnerable 
under the New South Wales Threatened Species Conservation Act, 1995. This species 
was recorded both in farm dams and natural wetlands but was not recorded in urban 
wetlands. Since farm dams were deeper than urban wetlands, it is likely that this 
species prefers farm dams because they obtain food by diving in the deeper waters of 
the wetland to collect macroinvertebrates (Marchant and Higgins, 1990), therefore, O. 
australis may potentially be using farm dams as complimentary or additional foraging 
resources to natural habitat. Evidence that it is the depth of water that attracts birds to 
these habitats, is that this species was also recorded from natural wetlands with deeper 
water but not in comparatively shallower waters. Farm dams may, therefore, be 
important for this species.
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Not all species of diving ducks preferred farm dams. For example, A. australis was 
observed in both farm dams and urban wetlands. Murray et al. (2013 a) found that 
‘security distance’ was an important factor for the presence of A. australis in urban 
wetlands. In the present study, a large portion of the farm dams were smaller in size 
and, therefore, may not have provided a sufficient surface area to allow birds to retreat 
to a ‘safe’ distance in the presence of a disturbance. Larger urban wetlands where A. 
australis were present were more likely to provide a larger surface area and thus the 
security distance that was not available at a large majority of farm dams was provided 
at these urban habitats.  
 
Farm dams appeared to be most advantageous for the diving guilds of birds (e.g., P. 
sulcirostris, A. novaehollandiae). Colwell and Taft (2000) found that there was a 
correlation between the increase in depth of wetlands and diving waterbird 
abundance. Shallow wetlands had fewer diving birds than wetlands with deeper 
waters. The same patterns were reflected in the current study. Farm dams contained 
areas of deeper habitat than urban and natural wetlands, and in those wetlands with 
deeper habitat diving birds were most abundant.  Ma et al. (2010) calculated that 
diving waterbirds would forage in waters of over 25 cm depth and used habitats of up 
to several metres in depth. Since the farm dams studied were the deepest wetland 
type, these were favoured as they facilitated the foraging activities of this group.  
 
Phalacrocorax sulcirostris was only observed in farm dams and not urban and natural 
wetlands. Some of these farm dams had an abundance of fish, particularly European 
carp Cyprinus carpio, that this cormorant species was observed to consume. 
Phalacrocorax sulcirostris has been observed to hunt in flocks in deeper water where 
they feed on fish (Barlow and Bock, 1984). The dam with the second greatest density 
of P. sulcirostris did not appear to have such an abundance of fish; however, it was 
within close proximity to the preferred farm dam. Birds could, therefore, readily 
forage between the two dams. This species, therefore, appears to be selecting farm 
dam habitat to prey on the feral fish that were apparently not as readily available in 
other farm dams or in urban wetlands. 
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It has been previously recorded that species, such as cormorants, take advantage of 
such dams when there is an abundance of fish present (Dorr et al. 2008) of a size that 
they are able to take as prey (Kingsford and Norman, 2002). Barlow and Brock (1984) 
reported that they consumed C. carpio of up to 20 cm in length. They have also been 
previously reported to feed in aquaculture dams stocked with fish, and to frequent 
aquaculture dams up to 40 km from the nearest cormorant colony. 
 
Anhinga novaehollandiae was observed only in farm dams. This species feeds by 
pursuing prey (Murray et al. 2013a) which consists almost entirely of fish (Dostine 
and Morton, 1987). It was likely that this species took advantage of the C. carpio that 
were resident in the farm dam where the species was sighted. These prey species were 
not observed to be abundant at the other wetland types. In addition to use of farm 
dams, A. novaeholllandiae has also been recorded at waste stabilisation ponds in 
Victoria (Murray et al. 2013b), presumably because appropriate prey and other 
conditions were present.  
 
Phalacrocorax melanoleucos has been reported to prey predominantly on decapods 
(Miller, 1979). These were typically in low abundance (or absent) in urban wetlands 
but were generally common in farm dams and natural wetlands where this prey taxon 
occurred. Farm dams are, therefore, providing foraging habitat for these birds. 
Individuals of the transient P. conspicillatus were also observed at farm dams. Frayer 
et al. (1989) observed that since farm dams were numerous in the landscape, they 
acted as important stepping stones for mobile species such as P. conspicillatus. They 
use these habitats as stopovers for resting on travelling routes. Based on the 
observations of King (2005), it is also likely that this species is foraging for fish 
within farm dams, since they observed that white pelicans Pelecanus erthrorhynchos 
foraged in farm dams on the Northern Plains in the USA (King, 2005) where they 
took advantage of wetlands stocked with catfish. In the current study, farm dams are 
potentially providing additional foraging in the form of C. carpio.  
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A single species, P. varius was not detected at farm dams but was found only in one 
urban wetland. This wetland was; however, larger and deeper than any other urban 
wetland, and perhaps this species preferred the larger surface area of the urban 
wetland that farm dams and natural wetlands did not provide.  
 
Haliastur sphenurus was only observed near a single farm dam. This species is known 
to forage in riparian woodland, close to aquatic habitat (Aumann, 2001 a). The 
sighting of the kite was congruent with the previous observations of Aumann 
(2001 a). In addition, the diet of H. sphenurus is diverse but consists mostly of small 
mammals and birds. They also hunt reptiles, fish, and invertebrates. Fish are sought 
from permanent waters of aquatic habitats (Aumann, 2001 b). This species may take 
advantage of open, flat plains such as the farmland of the study area to maximise 
hunting efficiently of, for example, small mammals, while the relative abundance of 
farm dams in the landscape compared to the other water types provides an abundant 
watering source for H. sphenurus. Sergio et al. (2003) similarly found that the black 
kite Milvus migrans foraged near water and close by in managed grasslands - a similar 
pattern as observed for H. sphenurus in the current study. This species may also have 
preferred farm dams because they provided a permanent water source with the 
potential for fish prey. The nearby remnant woodland would have also provided 
additional appropriate habitat for foraging (Aumann, 2001 a). 
 
Both farm dams and natural wetlands supported similar abundances of P. porphyrio 
and G. tenebrosa. Although P. porphyrio was recorded in slightly higher abundance 
in farm dams. However, these species were in higher abundance in urban wetlands. 
These two species are urban-adapted species that successfully thrive in human 
dominated landscapes (Hodgkison et al. 2007). The distribution of these species 
within urban wetland habitats was presumably due to their preference for 
littoral/emergent vegetation, rather than the specific land use type surrounding the 
wetland. Although farm dams had higher emergent and fringing vegetation overall, 
some urban wetlands had dense vegetation. This was planted to cleanse stormwater. 
Based on the large numbers of birds that congregated at urban wetlands, they 
appeared to be particularly attractive to these species. These species were not found in 
wetlands with bare edges. 
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It is, therefore, not the surrounding land use that was a primary determinate in the 
distribution of this species, but rather habitat quality of the individual wetland sites 
and, in this study, emergent vegetation availability influenced the distribution of these 
birds. Farm dams did not have such dense emergent vegetation when compared to the 
urban wetlands where these species congregated thus making farm dams less 
preferable habitat than those particular urban wetlands. Rails often congregate at 
wetlands with dense stands of vegetation (Norman and Mumford, 1985; Shirley et al. 
2003; Murray et al. 2013 a) as vegetation is their primary food source (Shirley et al. 
2003). Vegetation is also used to build nests, to roost in, and to escape from predators 
(Garnett, 1978).  
 
Furthermore, as suggested by Shirley et al. (2003), those wetlands with bare edges 
provided unsuitable breeding sites for these species. One particular urban wetland 
appeared to be the most suitable for G. tenebrosa as it had dense fringing and 
emergent vegetation that allowed the species to forage and construct nests. Fulcia 
atra were also only observed at this urban wetland and they also have similar 
requirements for vegetation as G. tenebrosa. However, in Dandengong [Victoria], 
Murray et al. (2013 a) observed that P. porphyrio was not present in wetlands with 
high levels of human disturbance, despite appropriate vegetation cover. In the current 
study, this pattern was not observed. Porphyrio porphyrio was found at some of the 
wetlands that were most intensively visited by humans of all the wetlands sampled, 
and were particularly prevalent at those used for recreation but also provided 
substantial appropriate vegetation cover. The pattern of distribution of this species 
was thus consistent with their attraction to dense emergent/fringing vegetation 
associated with areas of open water within the landscape, rather than the landscaped 
habitat (e.g., agricultural lands, urban areas, landscaped gardens, mowed area) beyond 
the wetland fringes.  
 
Anas superciliosa was observed to be in similar abundance in natural wetlands and 
farm dams; however, their abundance was approximately four times that of farm dams 
in urban wetlands. This species is considered an urban specialist (Hodgkison et al. 
2007) and is a habitat generalist (Kingsford and Norman, 2002). 
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Large flocks of this species were found to congregate at urban wetlands where 
supplementary feeding occurred. Chapman and Jones (2009 a) also concluded that 
supplementary feeding at Brisbane urban wetlands probably contributed to a higher 
abundance of dabbling ducks present in such areas. Dabbling ducks are predisposed to 
take advantage of frequent supplementary feeding (usually bread) because they forage 
for food by dredging and dabbling in the mud (Marchant and Higgins, 1990) as 
opposed to diving for food that is the habit of other guilds. The congregation of A. 
superciliosa at these urban habitats where supplementary feeding occurs, at least in 
part, explains their distribution. However, the observation that they were also present 
in some farm dams indicates that supplementary feeding alone was not sufficient to 
attract the species to a wetland, and that other habitat characteristics were responsible 
for these ducks to be associated with some farm dams. Since Murray et al. (2013 a) 
reported that the distribution of dabbling ducks (e.g. A. supercilisoa) was negatively 
associated with wetland area, perhaps the smaller size of farm dams could not 
accommodate such abundance as the larger urban wetlands could facilitate. 
 
Chenonetta jubata showed no preference for wetland type. In contrast, Kingsford 
(1992) found that on the Southern Tablelands [NSW], C. jubata occurred exclusively 
in farm dams and did not use the surrounding creeks. Kingsford and Norman (2002) 
suggested that this was largely because there was plentiful pasture and shorter grassed 
areas associated with farmland in their study area. This had allowed this species to 
extend its range into these habitats. They also tended to avoid farm dams with 
emergent vegetation. Although in the current study the surrounding areas of farm 
dams provided conditions of shorter pasture and grassed areas, this did not appear to 
influence the distribution of this species and they were using a range of wetlands in 
the landscape. It is likely that this species is moving among wetland types where 
suitable foraging, breeding and refuge resources are provided.  
 
Anas rhynchotis occurred in farm dams and natural wetlands but not in urban 
wetlands. This may have been because they avoid habitats with intense human 
disturbance. Anas castanea was not detected in farm dams but only in natural 
wetlands. 
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This species has been found to use tree hollows (Goldingay et al. 2009) and these 
conditions were generally not available in the surrounding remnants of the farm dams 
sampled; however, mature vegetation in natural areas provided tree hollows which 
may have been used for breeding, and for protection. Thus their distribution may have 
been due to the need for appropriate vegetation rather than preferring one wetland 
type over another.  
 
Threskionis molucca was in lower abundance at farm dams and natural wetlands than 
in urban wetlands, and showed no particular preference for either farm dams or 
natural wetlands. Previous researchers (e.g., Martin et al. 2010), have observed large 
colonies of T. moluccana within 100 m of urban housing. However, these authors 
listed T. molucca as an ‘urban specialist’. They considered that their populations were 
sufficiently large to be considered a nuisance species (Martin et al. 2012). Because of 
their generalist nature in both habitat and diet they are able to exploit urban 
environments. However, despite their high abundance in urban areas, inland 
populations are in decline (Martin, et al. 2011). One reason for this is that in urban 
environments T. molucca forage in landfill sites (Martin et al. 2010), and throughout 
urban areas (e.g., parks, rubbish bins, pers. obs.). Since they are a transient species 
(Martin et al. 2011), it is likely that individuals move within and beyond urban centres 
and, in the process, also make use of any convenient wetland habitat within the 
landscape. In the current study, T. molucca predominantly used the resources 
provided incidentally in urban wetlands, but their mobility allows them to move 
beyond these boundaries into farm dams and natural wetlands. Such habitats are; 
however, not used as often as urban wetlands.  
 
Ardea spp. was observed more frequently in farm dams than in urban wetlands, and 
did not occur in natural wetlands. These species wade at the shallow edges of 
wetlands to obtain prey including amphibians and macroinvertebrates (Marchant and 
Higgins, 1990) which were generally not available at urban wetlands and only at some 
farm dam sites. They have also been observed where there is dense emergent 
vegetation cover (Recher et al. 1983). All farm dams were surrounded by cleared 
pasture with; at most, small remnant vegetation patches that occurred within the 
riparian zone. 
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Such remnants do; however, appear to provide adequate cover for this species around 
farm dams. In contrast to farm dam habitat, urban wetlands had low coverage of 
appropriate vegetation associated with wetlands and thus there may not have been 
adequate refuge for the species to accommodate individuals when they were 
disturbed. Murray et al. (2013 a) suggested that the numbers of wader species were 
correlated with wetland surface area because they require a security distance where 
they can take refuge; however, in the current study, Ardea spp. were not found in 
urban wetlands (i.e., the largest wetlands). Ardea pacifica was also found only in farm 
dams and natural wetlands. As with other Ardea spp., A. pacifica wade in the shallows 
to obtain prey (Marchant and Higgins, 1990) and, therefore, it is unlikely that they are 
able to effectively forage in most urban wetlands whereas some farm dams and 
natural wetland sites do have shallow edges.  
 
In contrast to the patterns of Ardeidae, E. novaehollandiae was observed less 
frequently in farm dams than in urban wetlands. In the current study, this species was 
observed to be shy and most likely sought security from disturbance (Murray et al. 
2013 a).  In the current study this species was observed to retreat into anthropogenic 
structures (e.g., stormwater pipes, under walking bridges at urban wetlands) when 
disturbed. These built structures were generally not present around farm dams and 
inadequate cover was provided for these species. The avoidance of farm dams may, 
therefore, be due to the smaller surface area and/or fewer secure retreat sites in 
association with farm dams compared to urban wetlands.   
 
Vanellus miles was in lower abundance at farm dams than at urban wetlands. 
Marchant and Higgins (1993) suggested that this species has a preference for short 
grassed areas; however, this does not explain their absence at farm dams. This is 
because both farm dams and urban wetlands were surrounded by short grassed areas. 
This species is known to occur in agricultural habitats although hatching success is 
higher in urban areas than in agricultural sites. This may, in part, explain their higher 
abundance at urban wetlands. Furthermore, body condition of birds in agricultural 
sites has been observed to be poorer than in urban habitats (Cardilini et al. 2013).
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 Superior body condition would enable V. miles to lay eggs over a longer period of the 
year in urban areas than under agricultural conditions. The outcome would be higher 
recruitment in urban areas compared to farm dams.  
 
Elseyornis melanops was in lower abundance in farm dams than in natural wetlands, 
and it was not observed in urban wetlands. When present, they used shallow 
depressions where they foraged at the wetland edge. These conditions were apparently 
only available in association with one farm dam. This species also favours areas 
without vegetation, for example, sandy areas of intertidal flats. Where vegetation is 
limited, foraging is enhanced for shore birds (Nyman and Chabreck, 1995). The farm 
dam which supported this species had bare shallow muddy edges where E. melanops 
was observed to forage; however, in the open waters of the same dam where the water 
was considerably deep, diving birds (i.e., P. melanoleucos; P. sulcirostris) favoured 
that portion of the dam. This indicated that farm dams are able to support bird species 
with different habitat requirements. Others have suggested (e.g., Sripanomyom, et al. 
2011) that artificial habitat can be an important replacement for shorebirds. For 
example, Fang et al. (2009) recorded that shorebirds used irrigation ponds in Taiwan, 
and crawfish ponds in Louisiana [USA] are also frequented by shorebirds (Huner, et 
al. 2006). Niemuth et al. (2006) found that such birds used ponds in agricultural areas 
of Dakota [USA]. The current study demonstrates, that if farm dams are appropriately 
constructed (i.e. with shallow edges), these habitats can successfully support 
shorebirds. However, it may be only a subset of this taxon that are able to adjust to 
such farm dam habitat since only E. melanops occurred in the farm dam with muddy 
edges that facilitated successful foraging. Not all farm dams were; however, 
morphologically appropriate for this type of bird foraging.   
 
 Terrestrial species (yellow thornbill Acanthiza nana, C.  funereus) were observed 
using the edge of farm dams as drinking points. In the Wimmera [Western Victoria], 
Maron (2005) observed that the red-tailed black cockatoo Calyptorhynchus banksii 
graptogyne used ‘paddock trees’ and adjacent farm dams as a place to drink. In the 
current study, individuals were observed feeding in trees that were growing in the 
riparian zone of the farm dam. 
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It was thus probably the presence of the trees that attracted them to the site and they 
may have potentially utilised the farm dam as a drinking point.  
 
Farm dams were not used often as drinking points for the galah Cacatua roseicapilla, 
Australian raven Corvus coronoides, blue winged kookaburra Dacelo leachii and M.  
melanophrys. These species were found to use natural wetlands more than farm dams, 
most likely selecting these wetlands due to the natural habitat that is likely to have 
harbored a greater abundance of prey than the open vegetation of farm dams or urban 
wetlands.  The surrounding land use has been previously observed to influence the 
distribution of birds (Chapman and Reich, 2007).  
 
Farm dams were also used less as watering sites than urban wetlands for species such 
as the noisy miner Acridotheres tristis, sulphur crested cockatoo Cacatua galerita, 
little corella Cacatua sanguinea, house crow Corvus splendens, Australian magpie 
Gymnorhina tibicen, crested pigeon Ocyphaps lophotes and the willie wagtail 
Rhipidura leucophrys. Aside from C. sanguina and C. splendens, White et al. (2005) 
recorded these species as using urban habitats in Melbourne. Davis et al. (2012) 
recorded that C. sanguina used urban habitats in Sydney but did not find them in non-
urban habitats. Some species, including the Eastern rosella Platycercus eximius used 
farm dams and urban wetlands equivalently. However, the rainbow lorikeet 
Trichoglossus haematodus appeared to avoid farm dams although they tended to use 
other habitats equally.  
 
Farm dams were apparently unfavorable habitats for exotic and feral species that were 
found at urban wetlands. For example, large populations of C. livia were observed at 
urban wetlands but were not detected around the other wetland types. This species 
congregates in ‘plague’ proportions in urban areas (Belguermi et al. 2011).  
Furthermore, Taylor et al. (2013) found that C. livia congregated where 
supplementary feeding occurred and they often rely solely on food supplied by 
humans (Miklosi and Soproni, 2006). 
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Such hand feeding was common at several of the urban wetlands surveyed but did not 
occur at the farm dams and thus this attraction was lacking at these habitats.  
 
Exotic ducks (e.g., A. p. domesticus, A. a. domesticus) were not observed at farm 
dams or natural wetlands. They were present in urban wetlands where they may have 
been released or were possibly descendants of those that had previously escaped from 
captivity. The accessibility of urban wetlands makes them readily available for the 
release of these animals. In contrast to urban wetlands, farm dams are usually located 
on private property where such releases cannot be undertaken unless permission is 
provided. Supplementary feeding occurred in urban wetlands but not in farm dams. 
Chapman and Jones (2009 b) suggested that such food supplementation enhanced the 
potential for successful survival of such ‘human dependent’ ducks which would not 
be facilitated at farm dams. While domesticated ducks tend not to move among sites, 
some do hybridise with native ducks (e.g., A. superciliosa) and many of these hybrids 
are fertile (Guay and Tracey, 2009). Anas platyrynchos were only found in urban 
wetlands and not farm dams but in equivalent abundance in natural wetlands. Their 
presence therefore poses a threat to the genetic integrity of populations of native Anas 
species (Guay and Tracey, 2009).  
  
6.4.4 The wetland habitat parameters that affect bird populations in natural wetlands 
farm dams and urban wetlands 
 
Fringing vegetation, dissolved oxygen, pH, human disturbance and bank condition 
were linked to the variation in bird biotic assemblages. The factors that predominantly 
affected bird patterns of distribution in farm dams and wetlands was primarily 
influenced by connectivity (Figure 6.22), human disturbance (Figure 6.20) and habitat 
potential (Figure 6.23).  
 
When compared to natural wetlands, farm dams were less connected in the landscape. 
This is because they have a reduced area of natural vegetation that would act as 
movement corridors than occurred around natural wetlands. Farm dams were also 
bordered by small, infrequently used dirt tracks that had not been constructed at 
natural wetlands. 
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These were used for various activities such as driving cars and machinery or as 
walking tracks around farm dams.  When farm dams and natural wetlands were 
compared to urban wetlands, connectivity was reduced. This is because urban 
wetlands were not surrounded by larger areas of vegetation found around natural 
wetlands and the smaller patches of remnant vegetation at farm dams.  Furthermore, 
urban wetlands were surrounded by frequently used roads that had a considerable 
higher density of motor vehicle traffic and artificial structures, such as buildings and 
houses, than other wetland types. This reduction of connectivity imposes problems for 
the biodiversity of water-dependent birds. It inhibits those birds that forage widely to 
move between wetlands (Ma et al. 2010). The results of this study demonstrated that 
those that were more connected (i.e. farm dams) are able to support more mobile and 
dispersive species (e.g., P. melanoleucos; P sulcirostris) than those that were present 
at urban wetlands.  
 
Farm dams did not support large populations of resident species. These species were 
recorded in higher abundances in urban wetlands. Such species included A. 
superciliosa, T. molucca and G. tenebrosa which formed large congregations at urban 
wetlands although not at farm dams. This is because habitat connectivity is not such 
an important aspect of habitat selection in urban wetlands in comparison to farm 
dams. This is because a large proportion of these species remain as residents of urban 
wetlands and exploit the available resources at urban wetlands as opposed to those 
more dispersive species found at farm dams. However, there are exceptions. For 
example, T. molucca is a highly transient species under natural conditions but, in an 
urban setting, it often takes up residence at a chosen wetland (Martin et al. 2012). It is 
unlikely; however, that the small size of many of the farm dams would be able to 
provide the necessary resources for such birds year round. They, therefore, congregate 
at larger urban habitats. Murray et al. (2013 a) found that surface area was a 
significant wetland parameter influencing the abundance and density of birds. Smaller 
wetlands were considered not as valuable to wetland birds as larger ones while 
Murray et al. (2013 a) found that cormorants Phalacrocorax spp. and P. 
conspicillatus were found more in larger wetlands whereas rails and dabbling ducks 
preferred smaller wetlands. 
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In the current study, the distribution of such species as G. tenebrosa, T. moluccca and 
A. superciliosa were higher in larger urban wetlands whereas cormorants 
Phalacrocorax spp. and P. conspicillatus were detected more 
often in farm dams which were frequently smaller.  
 
Some birds are more susceptible to human disturbance than others. Donaldson et al. 
(2007) found that birds in less human impacted habitats were more likely to flee when 
disturbed than those in more disturbed areas. In the current study, birds associated 
with farm dams (e.g., A. novaehollandiae, P. conspicillatus, P. melanoleucos) would 
immediately flee from the wetland when disturbed. This indicated that they are 
susceptible to human disturbance and are thus likely to avoid urban wetlands. Murray 
et al. (2013 a) found that security distance was also important for wetland birds. In the 
current study, farm dams had a smaller surface area for birds to retreat from a 
disturbance and this would make them more susceptible to human disturbance than if 
they were in wetlands with a larger surface area. However, urban wetlands had a 
greater human presence around them. The increased security distance at urban 
wetlands may have played a role in the large congregations of some species (e.g. A. 
superciliosa, T. molucca) at urban wetlands than farm dams as they had a larger 
surface area thus facilitating a higher security distance. Anas superciliosa, when 
disturbed, was observed to move to the centre of larger wetlands in flocks at urban 
wetlands.  Cardoni et al. (2008), in a study of birds in lagoons in Argentina, found that 
human recreation can affect the assemblages of birds. Those birds found at farm dams 
that would flee immediately (A. novaehollandiae, P. conspicillatus, P. melanoleucos) 
may have been avoiding urban habitats because of the larger numbers of humans 
using the immediate surrounds than at other wetland types.  
 
The habitat potential of wetlands, for example, the presence of fringing and 
surrounding vegetation, influence the level of disturbance that birds are exposed to 
and, therefore, the distribution of birds at wetlands (Hattori and Mae, 2001; Ma et al. 
2010). When vegetation was present at a site, it was frequently observed to be used as 
a refuge site when birds were disturbed. Farm dams were more variable and some had 
more habitat complexity than others. 
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Fallen logs and leaf litter, together with vegetation were quite common in association 
with farm dams, whereas others had less vegetation and were more ‘managed’ 
whereby leaf litter and logs were frequently removed. Natural wetlands displayed the 
most complexity as they were not frequently managed or disturbed. As a result more 
fallen leaf litter, decorticating bark, fallen logs and vegetation were present than 
around farm dams. Urban wetlands, such as farm dams, were highly variable but 
many had sparse vegetation. Those with dense vegetation appeared to be more 
attractive to birds such as G. tenebrosa. However, most urban wetlands were mown to 
create lawns and, therefore, leaf litter and bark did not accumulate in the way that was 
typically observed around farm dams.  
 
Although fringing and emergent vegetation is advantageous to a range of species, it 
may also hinder the foraging activities of others (Bancroft, 2002). For instance, diving 
waterbirds preferred farm dams because there was less in-wetland vegetation and 
deeper water which allowed for more efficient foraging. In the Namoi Valley [NSW], 
Broome and Jarman (1982) also reported that diving waterbirds were present in 
unvegetated deep artificial wetlands. Egrets and herons also forage in the unvegetated 
shallows of wetlands, presumably because these areas allow for efficient capture of 
fish prey (Ma et al. 2010). In contrast, the presence of dense emergent floating plants 
is most advantageous to coots and moorhens because it allows for successful breeding 
(Froneman et al. 2001; Sanchez-Zapata et al. 2005). In the current study, this 
appeared to be the situation at some urban wetlands that had dense low growing 
vegetation that had been planted to cleanse stormwater.  
 
6.4.5 Management recommendations for urban habitats 
 
Farm dams supported the threatened species O. australis indicating that these habitats 
are important for this threatened bird species. Additionally, farm dams were 
advantageous to some bird guilds (e.g., diving waterbirds) that were generally absent 
from urban wetlands. In the current study, farm dams were, therefore, presumably 
providing supplementary foraging resources. The presence of farm dams in the 
landscape provided additional resources to those found in natural habitats. Exotic and 
native species were recorded only in urban wetlands (aside from the detection of A. 
platyrhynchos at natural wetlands). 
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The accessibility of these urban wetlands facilitated the release of unwanted pets and 
allowed them to successfully survive because their diet was supplemented with bread 
fed by local residents. More specialist species, for example Ardea spp. and E. 
melanops, were found in farm dams but not in urban wetlands.  
 
Based on the outcomes of this study, with further expansion of urbanisation of 
Western Sydney, it is desirable that farm dam habitat be appropriately assessed and, 
sufficient numbers retained to maintain species in the landscape that rely on this type 
of habitat. If this is not implemented, a range of birds, including the diving waterbirds, 
shorebirds, and threatened diving duck species like O. australis that utilise farm dam 
resources would be expected to decline within the Sydney Region. These artificial 
wetlands are able to provide alternative and/or complimentary wetlands to natural 
wetlands and may, in part, mitigate the loss and degradation of natural wetlands from 
the landscape (Ma et al. 2010) by providing foraging, breeding and sheltering 
resources (Czech and Parsons, 2002) as well as acting as stopovers for nomadic and 
mobile birds (King, 2005); However, farm dams do not effectively replace natural 
wetland habitat (Ma et al. 2004). The current study has demonstrated this. Farm dams 
were the preferred habitat for some species (e.g. H. spenurus, P. conspicillatus) and 
were particularly advantageous for the diving guilds; however, some species (e.g. A. 
castanea) were found only in natural wetlands.  
 
The results of the current study have shown that the use of farm dams as bird habitat 
should be considered in further consideration of the continual removal of farm dams. 
It is likely that if the removal of these habitats occurred with urbanisation, those 
species that occur in them will decline in abundance.  
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7. The unique species found in farm dams when compared 
to natural wetlands and urban wetlands 
 
7.1 Introduction 
 
Farm dams are important habitats for biodiversity conservation (Hazell et al. 2001; 
2004; Gagne and Fahrig, 2007; MacNally et al. 2009; Thiere et al. 2009; Usio and 
Negishi, 2014) and they contribute to regional biodiversity (Williams et al. 2004).  
This thesis has demonstrated when agricultural areas are urbanised and farm dams are 
removed from the landscape, there is a decrease in overall diversity and abundance of 
frogs and macroinvertebrates. Those species of frogs and macroinvertebrates that 
remain in wetlands in the urban landscape are habitat generalists and are tolerant to 
decreased water quality. Although urbanisation actually increased the diversity and 
abundance of birds, those more specialist species tended to disappear from the 
landscapes that were recorded in farm dams and natural wetlands when the area is 
urbanised. Lastly, this thesis has demonstrated that farm dams are more of a 
complimentary habitat to natural wetlands as farm dams do not replace the resources 
required for some species. This chapter draws together the data of the previous 
chapters (Chapters 3 (frogs), 4 (macroinvertebrates) and 5 (birds)) and investigates the 
relative importance of unique species in each habitat and the beta diversity of farm 
dams when compared to natural wetlands and urban wetlands.  Beta diversity is an 
important determination for biodiversity and the management of ecosystems 
(Legendre et al. 2005). The aim of this chapter is to; 
 
 Determine the unique species to natural wetlands, farm dams and urban 
wetlands 
 Use the calculation formulated by Badano et al. (2006) to determine the 
relative importance of unique species in farm dams 
 Use the calculation formulated by Badano et al. (2006) to determine the beta 
diversity of farm dams when compared to natural wetlands and urban wetlands 
 Determine the percentage of habitat generalists in farm dams, natural wetlands 
and urban wetlands 
 Provide concluding remarks for the thesis 
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7.2 Methods 
 
The data was sourced from Chapters 4 (frogs), 5 (macroinvertebrates) and 6 (birds) 
utilising the methods outlined in those chapters. At the wetland level, the calculations 
as discussed by Badano et al. (2006) were utilised. The relative importance of unique 
species was investigated by utilising the formula =(A+G)/(B). Habitat A was classed 
as the farm dam, G the total number of species that are common to both wetlands and 
B as the other chosen wetland to be compared to farm dams (i.e natural or urban 
wetland). Unique species were also compared by utilising the formula =A/(A+B+G) 
which compared the total number of taxa including those that were habitat generalists 
between the two wetlands and those that were unique to each habitat which allowed a 
calculation of beta diversity (e.g. Ricklefs, 2004). The percentage of habitat 
generalists (those common to both wetland types) was also determined. The 
calculation for frogs was not amenable to analysis as the number of unique species 
was too low with only one species unique to farm dams and none to natural or urban 
wetlands. 
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7.3 Results 
 
7.3.1 Unique species of frogs  
 
Urban and natural wetlands had no unique species of frogs. Farm dams had one 
species that was unique (broad palmed frog Litoria latopalmata) (Figure 7.1).  
 
 
 
Figure 7-1 Total number of unique frog species in natural wetlands, urban 
wetlands in farm dams in Western Sydney in five seasons (summer 2012-summer 
2013) in Western Sydney, Australia 
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7.3.2 Unique species of macroinvertebrates 
 
Farm dams had more unique macroinvertebrate species than urban wetlands but fewer 
than natural wetlands. The ratio of unique species was higher in farm dams than urban 
wetlands however the ratio remained relatively low when farm dams were compared 
to natural wetlands (Figure 7.2; Table 7.1).  
 
 
 
Figure 7-2 Total number of unique and common macroinvertebrate species in 
natural wetlands, urban wetlands and farm dams in Western Sydney in four 
seasons (summer 2012-summer 2013) in Western Sydney, Australia 
 
 
Table 7-1 The comparisons of the relative importance of unique 
macroinvertebrate species (A), the total number of macroinvertebrate species  (B) 
and the percentage of those generalist species common to both habitats (C) 
Wetland comparison A B C 
Farm v urban 
(macroinvertebrates) 
1.260 0.480 32 
Farm v natural 
(macroinvertebrates) 
0.800 0.220 65.100 
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7.3.3 Unique species of birds 
 
Farm dams had fewer unique species than natural wetlands or urban wetlands. The 
ratio of unique species in farm dams when compared to urban wetlands was low. 
Natural wetlands had more unique species than farm dams and the ratio of unique 
species was higher in farm dams when compared to natural wetlands than urban 
wetlands; however, this figure was relatively low. (Figure 7.3; Table 7.2).  
 
 
 
Figure 7-3 Total number of unique and common bird species in natural wetlands, 
urban wetlands and farm dams in Western Sydney in five seasons (summer 
2012-summer 2013) in Western Sydney, Australia 
 
 
Table 7-2 The comparisons of the relative importance of unique bird species (A), 
the total number of bird species (B) and the percentage of those generalist 
species common to both habitats (C) 
Wetland 
comparison 
A B C 
Farm v urban  0.350 0.130 21 
Farm v natural  0.870 0.250 57.100 
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7.4 Discussion 
 
7.4.1 Unique species of macroinvertebrates 
 
Farm dams had more unique species of macroinvertebrates than urban wetlands and 
the ratio of unique species was higher in farm dams than urban wetlands. This finding 
reiterates other studies of agricultural wetlands that this habitat supports 
macroinvertebrate biodiversity (e.g. Williams et al. 2004; Cereghino et al. 2008; 
Thiere et al. 2009; Brainwood and Burgin, 2009; Chester and Robson, 2013; Legnouo 
et al. 2013) and that the presence of these constructed habitats positively contributes 
to macroinvertebrate biodiversity (Ruggiero et al. 2008). The proportion of common 
species to both farm dams and urban wetlands was relatively low (Table 7.1). In the 
urban wetlands, there were more species that are considered tolerant to diminished 
water quality (e.g., oligochaetes); however, urban wetlands did not support the less 
tolerant macroinvertebrate species such as such as species of bivalves which were 
common to both farm dams and natural wetlands. The results of this study, at least for 
macroinvertebrates, demonstrated that farm dams are advantageous for aquatic 
organisms in Western Sydney. They host unique species that are not found in urban 
wetlands. The ability of farm dams to host up to 65.00% of those species recorded in 
natural wetlands indicates that they are important ecosystems in a modified 
environment which are able to support over half of the pre-agricultural biodiversity. 
In the United Kingdown [UK], farm ponds have also been found to be important 
habitat for macroinvertebrates (Wood, 2003) and in France it was suggested by 
Cereghino et al. (2008) that the protection of these constructed agricultural wetlands 
from ongoing infilling would benefit macroinvertebrate biodiversity. With the 
potential removal of these habitats from the Western Sydney Region due to 
urbanisation, aquatic macroinvertebrate biodiversity would decline (Walsh et al. 2001; 
Stepenuck et al. 2002; Wang and Kanehl, 2003), particularly those that occur in farm 
dams that do not occur in urban wetlands. Although they shared many 
macroinvertebrate species, farm dams had fewer unique species of macroinvertebrates 
than natural wetlands. This finding reiterates that natural wetlands cannot be replaced 
by farm dams for all macroinvertebrate species and changes to the natural 
environment will continue to degrade macroinvertebrate biodiversity. 
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Farm dams should, therefore, be considered complimentary habitats to their natural 
counterparts (Casas et al. 2012) for macroinvertebrates providing a high density 
ecosystem for those species that are able to find suitable resources within them.  
 
7.4.2 Unique species of birds 
 
The unique species of birds found in farm dams when compared to urban wetlands 
was lower (Table 7.2). Urban wetlands have been recorded previously to be 
advantageous to bird diversity (e.g. Hanson, 2008; Cam et al. 2000). One such 
explanation may be because urban wetlands are larger and generally provide a larger 
central zone where some species prefer to feed which is generally unavailable in 
smaller wetlands such as farm dams (Paraceullos, 2006) restricting those species that 
utilise these resources to the larger urban wetlands. However, despite having a lower 
ratio of unique species, farm dams did host species that were not found in urban 
wetlands such as the threatened blue billed duck Oxyura australis and diving 
waterbirds such as the little pied cormorant Phalacrocorax melanoleucos.  It is likely 
that those species, and others, found in farm dams would decline and be lost from the 
area with farm dam removal because they were found not to share habitat between 
farm dams and urban wetlands. Blair (2001) found in their study of urbanisation on 
birds of farmland in the United States of America [USA] that those species in 
farmland declined with urbanisation. Additionally, when considering the unique 
species found at urban wetlands, some of the species had been introduced into the 
wetland (e.g. domestic duck Anas domesticus) and, therefore, they cannot be 
considered positive additions to the biodiversity of wetland birds. The presence of 
introduced and feral species was not a common occurrence at farm dams in the 
present study. Farm dams had fewer unique species of birds than natural wetlands. 
This, as with the situation with macroinvertebrates, reiterates that farm dams do not 
replace natural wetlands for some bird species. Farm dams and natural wetlands 
shared 57.10% of the species found in natural wetlands and, although they do not 
support all of the species observed in natural wetlands, farm dams should also be also 
viewed as complimentary habitats to natural wetlands, particularly since natural 
wetlands in the Western Sydney Region are either degraded or sparse (Casas et al.  
2012).  
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7.4.3 Unique species of frogs 
 
The only unique species of frog was present in a farm dam. This was the broad 
palmed frog Litoria latopalmata. As discussed in Chapter 4, the presence of farm 
dams is advantageous to those frogs that have adhesive toe cups that allow them to be 
able to successfully emerge from the wetland edge and, as suggested, it is likely that 
this species is taking advantage of the increased abundance of wetland habitat in the 
agricultural landscape. The presence of these habitats is highly advantageous to those 
species that are pre-adapted to occur in them (Tyler and Watson, 1998). It is likely 
that if farm dams were removed from the landscape, those frogs that are arboreal will 
decline in the Region, particularly since natural wetlands are not as abundant as farm 
dams which are readily used by groups such as the tree frogs (Hylidae).  
 
7.4.4 Significance of the study and concluding remarks 
 
This thesis has demonstrated that farm dams are advantageous to wetland biodiversity 
that possess appropriate adaptations such as diving for food in birds and adhesive toe 
caps in frogs. These pre-adaptations have meant that these animals are able to exploit 
a high density, readily available habitat in the landscape. The construction of farm 
dams has therefore been advantageous to the populations of these species (Tyler and 
Watson, 1998). However, farm dams do not effectively replace natural wetlands for 
some species. As has been demonstrated, natural wetlands that have been maintained 
in the landscape have more unique species of these taxa although farm dams were 
able to maintain the abundance and diversity of frogs and macroinvertebrates. They 
should, therefore, be considered complimentary habitats to natural wetlands for some 
species that may use them from time to time (Casas et al. 2012) or for those that use 
them as a stepping stone in the modified landscape to reach more natural habitat 
(Brainwood and Burgin, 2009); However, they should also be considered significant 
habitats for those species that are able to utilise them, particularly in Western Sydney 
where natural wetlands are scarce and farm dams offer an alternative habitat for these 
animals.  
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When the landscape is urbanised, and farm dams removed, the diversity and 
abundance of frogs and macroinvertebrates was negatively affected. Those more 
habitat generalist, tolerant species remained in the urban wetlands and the more 
sensitive species found in farm dams and/or natural wetlands tended to disappear. 
This highlights the importance of farm dams for the maintenance of frogs and 
macroinvertebrate biodiversity (See chapters 4 and 5). Although constructed and 
embedded within a modified agricultural environment, this thesis has demonstrated, 
as suggested by Gagne and Fahrig, (2007) that the threats imposed in agricultural 
landscapes are not as severe as those experienced in urban wetlands, therefore, 
biodiversity will remain higher in agricultural areas than in urban wetland habitats. 
The disturbances in farm dams were less severe or of a different nature than in urban 
wetlands. Urban wetlands experienced the increased presence of domestic animals, 
use of the surrounding areas for human recreation, the removal of remnant vegetation 
and the construction of roads compared to the other wetland types studied. The 
consideration of these disturbances in urban planning may potentially increase the 
habitat potential of these wetlands. However, while farm dams experienced the 
disturbance from the livestock grazing, this did not affect biodiversity to the 
magnitude that threats experienced in urban wetlands did.  
 
Contrary to expectations, bird biodiversity was positively associated with urbanisation; 
however, the assemblages of these species were composed partially of habitat 
generalists and those domestic animals that had been introduced into the wetland by 
local residents. Human activities, such as feeding birds, impacted on the populations 
of these taxa by allowing common species (e.g. rock dove Columba livia) to maintain 
large populations in urban areas. Supplementary feeding also allowed feral domestic 
birds (e.g. domestic duck Anas platyrynchos domesticus) to remain in these urban 
wetlands. Although farm dams did not maintain the same animal diversity and 
abundance of birds as urban wetlands, with their removal, many species of birds could 
potentially decline with urbanisation including the diving waterbirds and the 
threatened blue billed duck Oxyura australis (See Chapter 6) as their foraging habitat 
would be reduced. Additionally, farm dams were habitat to more specialist species 
(e.g. black fronted dotterel Elseyornis melanops) that were not detected in urban 
wetlands. 
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These farm dams, if retained in the urban landscape, will provide additional foraging, 
breeding, and sheltering resources for birds and may be stopover places for mobile 
birds (King, 2005).  
 
With urbanisation, farm dams should be retained in the landscape and the threats that 
are imposed in urban landscapes on wetlands mitigated through the establishment of 
buffer zones of approximately 159-290 metres (Semlitsch and Bodie 2003) which will 
reduce the amount of mowed areas around wetlands. The establishment of buffer 
zones would also mitigate some of the effects that the presence of domestic animals 
have on wetland biota as well as creating corridors for animal movement which may 
partially offset the presence of increased roads and other structures in urban areas. 
Additionally, the retention of farm dams in the landscape will increase the habitat 
available for wetland biodiversity providing a small, deep habitat that is not subjected 
to frequent stormwater collection events typical of urban stormwater wetlands. The 
increased density of wetlands would also facilitate wetland connectivity allowing less 
mobile animals to traverse urban landscapes more readily. Additionally, water quality 
will also be improved in wetland habitats if farm dams are retained in the landscape 
because it is likely that they will collect runoff from recreational parks as opposed to 
runoff from impervious surfaces that urban wetlands are designed to collect. This 
thesis has also demonstrated that the retention of a range of wetland habitats in the 
landscape is advantageous to a larger range of biodiversity. Although some taxa are 
able to utilise only natural wetlands, others occur in farm dams and/or natural 
wetlands and urban wetlands generally are habitat for those more resilient, generalist 
species. The protection and retention of farm dams into the urban landscape would 
only increase the species using wetlands in Western Sydney Region rather than 
decrease it with their removal warranting their formal protection.  
 
Unlike Australia where there is no statutory protection for farm dams, in countries 
such as the UK (Williams, 2010) it has been demonstrated, that as determined in this 
thesis, farm dams make a contribution to 
biodiversity conservation (Cereghino et al. 2008). 
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Ideally, more assessment needs to be enforced in the development planning stages as 
to the importance of these habitats for biodiversity because under current legislation 
they are freely removed from the landscape with no regulation. This is particularly 
important because natural wetlands are relatively scarce and farm dams are often 
important for wetland dependent organisms when natural wetlands are absent (Casas 
et al. 2012). However, existing legislation does not recognise that farm dams play a 
dual role for agricultural activities and as a wetland biodiversity conservation tool. 
One key legislation that potentially may substantiate improvement to the regulatory 
framework in Australia is in Tasmania where farm dams are recognised as important 
habitats for wetland biota (Chapter 2). The results of the current study have 
demonstrated that the ongoing removal of farm dams will cause a continuing decline 
of wetland biodiversity, therefore, as has occurred in the UK, this research further 
reinforces that farm dams require formal protection in order to maintain the current 
biodiversity, at least in areas such as the Western Sydney Region, where natural 
wetlands are now scarce.  
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Frogs 
Urban (summer 2012) 
 
Crinia signifera 1 1 1 0 0 0 0 0 0 1 1 2 0 0 0 0 0 0 
Litoria peronii 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 
Limnodynates peronii 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria denata 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Litoria verrauxii verreauxii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Uperolea laevigata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crinia parasignifera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria fallax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria latopalmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Frogs 
Urban (autumn) 
 
Crinia signifera 1 1 1 0 1 1 5 5 5 5 5 5 0 0 0 0 0 1 
Litoria peronii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Limnodynates peronii 1 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 
Litoria denata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria verrauxii verreauxii 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 
Uperolea laevigata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crinia parasignifera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria fallax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria latopalmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Frogs 
Urban (winter) 
 
Crinia signifera 5 5 5 1 0 1 0 1 1 1 0 0 0 0 5 1 1 1 
Litoria peronii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Limnodynates peronii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria denata 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria verrauxii verreauxii 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 
Uperolea laevigata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Crinia parasignifera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria fallax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria latopalmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Frogs 
Urban (spring) 
 
Crinia signifera 3 3 3 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 
Litoria peronii 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Limnodynates peronii 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria denata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria verrauxii verreauxii 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 
Uperolea laevigata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crinia parasignifera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria fallax 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria latopalmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Frogs 
Urban (summer 2013) 
 
Crinia signifera 0 1 1 5 5 4 0 0 0 0 0 0 3 3 3 5 5 5 
Litoria peronii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Limnodynates peronii 0 0 0 5 3 1 0 0 0 0 0 0 1 1 1 2 0 0 
Litoria denata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria verrauxii verreauxii 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 
Uperolea laevigata 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 4 1 1 
Crinia parasignifera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria fallax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria latopalmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Frogs 
Natural (summer 2012) 
Crinia signifera 1 1 1 1 1 3 1 2 1 1 1 1 1 2 1 1 1 4 
Litoria peronii 1 1 1 1 0 2 2 2 1 1 0 1 1 0 2 2 2 0 
Limnodynates peronii 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
Litoria denata 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 1 0 
Litoria verrauxii verreauxii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 
Uperolea laevigata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 
Crinia parasignifera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria fallax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria latopalmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Frogs 
Natural (autumn) 
 
Crinia signifera 5 4 5 1 1 1 5 5 5 5 4 3 5 5 5 5 5 5 
Litoria peronii 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Limnodynates peronii 3 1 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Litoria denata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria verrauxii verreauxii 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 
Uperolea laevigata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crinia parasignifera 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Litoria fallax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria latopalmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Frogs 
Natural (winter) 
 
Crinia signifera 5 5 5 5 5 5 5 5 5 5 5 1 2 2 4 4 4 5 
Litoria peronii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Limnodynates peronii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria denata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria verrauxii verreauxii 1 1 1 1 1 0 0 0 0 0 0 0 0 0 2 2 2 1 
Uperolea laevigata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crinia parasignifera 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria fallax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria latopalmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Frogs 
Natural (spring) 
 
Crinia signifera 5 5 5 0 1 1 3 3 4 0 0 3 2 3 1 0 0 0 
Litoria peronii 0 0 1 0 1 1 0 0 0 0 0 0 3 3 1 0 0 0 
Limnodynates peronii 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria denata 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria verrauxii verreauxii 0 0 0 0 0 0 0 0 0 0 0 0 3 4 3 0 0 0 
Uperolea laevigata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crinia parasignifera 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria fallax 0 0 0 1 0 0 0 1 4 0 0 0 0 0 0 0 0 0 
Litoria latopalmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 
 
 
 
 
 
 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
291 
 
Frogs 
Natural (summer 2013) 
 
Crinia signifera 0 0 1 5 5 4 0 0 0 0 0 0 3 3 3 5 5 5 
Litoria peronii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Limnodynates peronii 0 0 0 5 3 1 0 0 0 0 0 0 1 1 1 2 0 0 
Litoria denata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria verrauxii verreauxii 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 
Uperolea laevigata 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 4 1 1 
Crinia parasignifera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria fallax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria latopalmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 
 
 
 
 
 
 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
292 
 
Frogs 
Farm (summer 2012) 
 
Crinia signifera 1 1 0 1 1 0 0 0 1 2 3 2 1 1 1 1 2 3 
Litoria peronii 1 0 0 0 0 0 2 1 1 1 1 1 1 0 1 0 0 0 
Limnodynates peronii 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 
Litoria denata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria verrauxii verreauxii 0 0 0 0 0 0 0 0 0 2 1 1 0 0 0 0 0 0 
Uperolea laevigata 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 
Crinia parasignifera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria fallax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria latopalmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Frogs 
Farm (autumn) 
 
Crinia signifera 4 5 5 1 1 1 5 5 5 5 5 5 5 5 5 5 5 5 
Litoria peronii 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Limnodynates peronii 0 0 0 0 0 0 5 0 0 1 1 1 0 0 0 0 0 0 
Litoria denata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria verrauxii verreauxii 0 0 0 1 1 1 0 1 2 1 1 1 1 1 0 0 0 0 
Uperolea laevigata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crinia parasignifera 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Litoria fallax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria latopalmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Frogs 
Farm (winter) 
 
Crinia signifera 1 3 1 1 1 1 1 2 1 5 5 5 0 5 2 4 4 4 
Litoria peronii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Limnodynates peronii 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria denata 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria verrauxii verreauxii 0 0 0 3 3 4 0 0 0 1 1 0 1 1 1 2 2 1 
Uperolea laevigata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crinia parasignifera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria fallax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria latopalmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Frogs 
Farm (spring) 
 
Crinia signifera 0 0 1 1 2 1 0 0 0 1 0 0 1 1 1 1 1 1 
Litoria peronii 0 0 0 1 0 0 0 0 0 1 0 0 1 1 1 1 1 1 
Limnodynates peronii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 
0 
Litoria denata 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 2 1 1 
Litoria verrauxii verreauxii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Uperolea laevigata 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 
Crinia parasignifera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria fallax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria latopalmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 2 
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Frogs  
Farm (summer 2013) 
 
Crinia signifera 1 1 0 1 1 1 0 0 0 2 2 2 1 0 0 3 0 2 
Litoria peronii 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Limnodynates peronii 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 
Litoria denata 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria verrauxii verreauxii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Uperolea laevigata 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 2 
Crinia parasignifera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria fallax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litoria latopalmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Appendix II
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Macroinvertebrates 
Urban (summer 2012) 
 
Merragata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hydrometra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mesovelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Naucoris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laccotrephes 19 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ranatra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anisops 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 
Enithares 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ochterus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraplea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Saldula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Microvelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
no gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
with gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Agriocnemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Austroagrion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xanthagrion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ischnura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Austrolestes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hemianax papuensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Adversaeschna brevistyla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hemicordulia 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
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too small for genus 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 
Crocothemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplacodes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nannophya 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Orthetrum  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tramea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zyxomma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ecnomus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hellyethira 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptorussa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oecetis 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Symphitoneuria 0 0 2 0 0 0 0 0 0 1 0 5 0 0 0 0 0 0 
Triplectides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptoceridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Macroinvertebrates  
Urban (autumn) 
 
Merragata 0 0 0 0 0 0 0 0 0 0 0 0 83 132 1 0 0 0 
Hydrometra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mesovelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Naucoris 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Laccotrephes 1 0 19 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Ranatra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anisops 0 0 1 0 0 0 0 0 0 4 0 0 0 0 0 1 0 0 
Enithares 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ochterus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraplea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Saldula 0 0 0 0 0 0 0 0 0 0 0 0 2 3 0 0 0 0 
Microvelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
no gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
with gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Agriocnemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Austroagrion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xanthagrion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ischnura 0 0 0 0 1 0 0 0 0 1 0 0 3 8 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 2 5 0 0 0 0 0 0 0 
Austrolestes 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
too small for genus 5 0 0 0 2 0 0 0 0 0 0 0 0 6 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hemianax papuensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Adversaeschna brevistyla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hemicordulia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crocothemis 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Diplacodes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nannophya 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Orthetrum  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tramea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zyxomma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ecnomus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hellyethira 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 5 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptorussa 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oecetis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Symphitoneuria 0 0 0 0 0 0 0 0 0 2 4 1 1 8 0 0 0 0 
Triplectides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptoceridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Loren Hull 
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Macroinvertebrates 
Urban (spring) 
 
Merragata 1 0 1 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 
Hydrometra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mesovelia 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Naucoris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laccotrephes 0 8 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ranatra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anisops 0 0 0 0 0 0 0 0 0 12 0 0 0 2 2 0 0 0 
Enithares 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ochterus 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Paraplea 0 0 0 30 0 0 0 0 0 0 0 0 1 1 2 0 0 0 
Saldula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Microvelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
no gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
with gills (no key to genus) 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Agriocnemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Austroagrion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xanthagrion 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Ischnura 0 1 0 30 2 0 0 0 0 0 5 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Austrolestes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 5 1 0 0 0 0 0 0 0 1 0 0 0 0 
Hemianax papuensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Adversaeschna brevistyla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0                   
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Hemicordulia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crocothemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplacodes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nannophya 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Orthetrum  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tramea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zyxomma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ecnomus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hellyethira 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptorussa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oecetis 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 
Symphitoneuria 0 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triplectides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptoceridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Macroinvertebrates 
Urban (summer 2013) 
 
Merragata 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Hydrometra 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mesovelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Naucoris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laccotrephes 4 10 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ranatra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anisops 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
Enithares 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ochterus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraplea 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
Saldula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Microvelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
no gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
with gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Agriocnemis 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 
Austroagrion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xanthagrion 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ischnura 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Austrolestes 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
Hemianax papuensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Adversaeschna brevistyla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Hemicordulia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 
Crocothemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplacodes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nannophya 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Orthetrum  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tramea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Zyxomma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ecnomus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hellyethira 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 3 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptorussa 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 
Oecetis 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 
Symphitoneuria 0 0 0 1 0 0 0 0 0 0 5 0 0 0 0 0 0 0 
Triplectides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptoceridae 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
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Macroinvertebrates 
Natural (summer 2012) 
 
Merragata 0 0 0 3 0 0 0 0 1 0 0 0 0 1 0 0 0 0 
Hydrometra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mesovelia 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Naucoris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laccotrephes 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ranatra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anisops 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Enithares 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ochterus 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 
Paraplea 0 0 0 4 1 0 0 0 2 2 0 0 0 0 0 0 0 0 
Saldula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Microvelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
no gills (no key to genus) 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
with gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Agriocnemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Austroagrion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xanthagrion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ischnura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Austrolestes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hemianax papuensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Adversaeschna brevistyla 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
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Hemicordulia 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crocothemis 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Diplacodes 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Nannophya 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Orthetrum  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tramea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zyxomma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ecnomus 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Hellyethira 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 1 0 0 1 0 0 0 0 0 0 3 1 2 0 0 0 0 
Leptorussa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oecetis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Symphitoneuria 0 0 0 2 0 0 0 0 1 0 0 1 1 8 0 0 0 0 
Triplectides 0 0 0 0 0 0 0 0 0 0 0 8 12 97 0 0 0 0 
Leptoceridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Macroinvertebrates  
Natural (autumn) 
 
Merragata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hydrometra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mesovelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Naucoris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laccotrephes 0 0 0 0 3 2 0 0 0 0 0 0 0 0 0 0 0 0 
Ranatra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anisops 0 0 0 0 0 0 0 4 0 1 0 8 0 0 0 0 0 0 
Enithares 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 
Ochterus 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 
Paraplea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Saldula 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Microvelia 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
no gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
with gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Agriocnemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Austroagrion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xanthagrion 0 0 0 0 1 1 0 2 0 0 0 0 0 0 0 0 0 0 
Ischnura 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
too small for genus 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
Austrolestes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Hemianax papuensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Adversaeschna brevistyla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
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Hemicordulia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crocothemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplacodes 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Nannophya 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Orthetrum  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tramea 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zyxomma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ecnomus 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 
Hellyethira 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Leptorussa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oecetis 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 
Symphitoneuria 3 0 1 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triplectides 0 0 0 0 0 0 0 0 0 1 0 0 64 14 106 0 0 0 
Leptoceridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Macroinvertebrates 
Natural (spring) 
 
Merragata 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 
Hydrometra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mesovelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Naucoris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laccotrephes 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Ranatra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anisops 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 
Enithares 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 
Ochterus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraplea 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
Saldula 0 0 0 0 0 0 0 0 0 0 0 0 1 3 0 0 0 0 
Microvelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
no gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
with gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Agriocnemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Austroagrion 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xanthagrion 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Ischnura 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Austrolestes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 1 1 0 5 0 0 0 0 0 0 
too small for genus 0 0 0 1 0 0 2 1 0 0 0 0 0 0 0 0 0 0 
Hemianax papuensis 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 
Adversaeschna brevistyla 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
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Hemicordulia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crocothemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplacodes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 
Nannophya 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Orthetrum  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Tramea 7 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zyxomma 0 0 0 0 0 0 0 0 0 0 0 0 3 2 1 0 0 0 
Ecnomus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hellyethira 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptorussa 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Oecetis 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Symphitoneuria 0 0 0 0 0 0 0 0 0 0 0 0 2 1 3 0 0 0 
Triplectides 0 0 0 0 0 0 0 0 0 0 0 0 20 39 56 0 0 0 
Leptoceridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Macroinvertebrates 
Natural (summer 2013) 
 
Merragata 0 0 0 0 0 0 0 0 0 4 2 0 0 0 0 0 0 0 
Hydrometra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mesovelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Naucoris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laccotrephes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ranatra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anisops 0 0 0 0 0 0 0 0 0 1 2 1 0 0 0 0 0 0 
Enithares 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ochterus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraplea 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 
Saldula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Microvelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
no gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
with gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Agriocnemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Austroagrion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xanthagrion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ischnura 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Austrolestes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hemianax papuensis 2 0 0 0 0 0 0 0 0 0 0 0 1 12 18 0 0 0 
Adversaeschna brevistyla 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 
Loren Hull 
School of Natural Sciences, College of Health and Science 
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Hemicordulia 0 0 0 0 0 0 0 0 0 0 0 0 1 2 1 0 0 0 
too small for genus 1 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 
Crocothemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplacodes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nannophya 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Orthetrum  1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Tramea 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 
Zyxomma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ecnomus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hellyethira 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 
too small for genus 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptorussa 1 3 0 0 1 1 0 0 0 0 0 0 1 1 1 0 0 0 
Oecetis 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Symphitoneuria 0 0 0 0 0 0 0 0 8 0 0 0 0 0 2 0 0 0 
Triplectides 0 0 0 0 0 0 0 0 0 1 0 0 15 15 113 0 0 0 
Leptoceridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Macroinvertebrates 
Farm (summer 2012) 
 
Merragata 0 0 0 0 0 1 0 0 0 0 0 0 0 0 5 0 0 0 
Hydrometra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mesovelia 0 0 0 0 0 0 0 0 0 0 0 0 50 63 98 0 0 0 
Naucoris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laccotrephes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ranatra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anisops 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Enithares 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Ochterus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraplea 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 0 0 
Saldula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Microvelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
no gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
with gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Agriocnemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Austroagrion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xanthagrion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ischnura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Austrolestes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hemianax papuensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Adversaeschna brevistyla 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Loren Hull 
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Hemicordulia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
too small for genus 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 
Crocothemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplacodes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nannophya 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Orthetrum  0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Tramea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zyxomma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ecnomus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hellyethira 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 2 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 2 
Leptorussa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oecetis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Symphitoneuria 0 0 1 0 0 3 13 20 0 0 0 0 0 0 0 0 0 0 
Triplectides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 
Leptoceridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Macroinvertebrates 
Farm (autumn) 
 
Merragata 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 7 1 0 
Hydrometra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mesovelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Naucoris 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laccotrephes 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ranatra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
Anisops 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Enithares 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
Ochterus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraplea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Saldula 0 0 0 0 1 1 0 0 0 0 8 7 0 0 0 2 0 0 
Microvelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
no gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
with gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Agriocnemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 
Austroagrion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xanthagrion 0 0 0 0 0 0 0 0 0 9 26 6 3 0 0 0 0 0 
Ischnura 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 2 1 0 1 7 2 10 0 0 0 0 0 0 0 
Austrolestes 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 2 1 2 6 5 1 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 
Hemianax papuensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Adversaeschna brevistyla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Loren Hull 
School of Natural Sciences, College of Health and Science 
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Hemicordulia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crocothemis 0 0 0 1 0 2 0 0 0 0 0 0 0 0 0 1 0 0 
Diplacodes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nannophya 0 0 0 0 0 0 5 1 0 0 0 0 0 0 0 0 0 0 
Orthetrum  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tramea 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zyxomma 0 0 0 0 0 3 2 1 0 0 0 0 0 0 0 0 0 0 
Ecnomus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hellyethira 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0 0 0 0 
Leptorussa 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 
Oecetis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Symphitoneuria 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triplectides 0 0 0 0 0 0 309 265 0 0 0 0 1 4 3 0 0 0 
Leptoceridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Macroinvertebrates 
Farm (spring) 
Merragata 1 0 2 0 2 1 0 0 0 0 0 0 2 1 0 0 0 0 
Hydrometra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mesovelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Naucoris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laccotrephes 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ranatra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anisops 0 0 0 0 1 1 13 48 8 0 0 0 0 0 0 1 4 1 
Enithares 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ochterus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraplea 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 
Saldula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Microvelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
no gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
with gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Agriocnemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Austroagrion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xanthagrion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ischnura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
Austrolestes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
Hemianax papuensis 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Adversaeschna brevistyla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hemicordulia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Loren Hull 
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too small for genus 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 
Crocothemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplacodes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nannophya 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Orthetrum  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tramea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zyxomma 0 0 0 0 0 0 6 25 23 1 2 0 0 0 0 0 0 0 
Ecnomus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hellyethira 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
Leptorussa 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 3 0 
Oecetis 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 
Symphitoneuria 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triplectides 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 1 0 
Leptoceridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Macroinvertebrate 
Farm (summer 2013) 
 
Merragata 0 0 0 26 7 2 0 0 0 0 0 0 0 0 0 0 0 0 
Hydrometra 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 
Mesovelia 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Naucoris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laccotrephes 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ranatra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anisops 0 0 0 19 38 15 0 0 0 0 0 0 0 0 0 1 0 0 
Enithares 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ochterus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraplea 0 0 0 1 0 0 1 0 0 1 0 7 1 0 0 0 0 0 
Saldula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Microvelia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
no gills (no key to genus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
with gills (no key to genus) 0 0 0 0 0 0 1 0 7 0 0 0 0 0 0 0 0 0 
Agriocnemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Austroagrion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xanthagrion 0 0 0 0 0 0 0 1 4 2 1 3 0 0 0 0 0 0 
Ischnura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
too small for genus 0 0 0 0 0 0 1 0 6 1 0 0 0 0 0 0 0 0 
Austrolestes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Hemianax papuensis 0 0 0 2 2 1 0 0 0 2 0 0 0 0 0 0 0 0 
Adversaeschna brevistyla 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Loren Hull 
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Hemicordulia 0 0 0 4 1 1 0 2 0 0 0 0 0 0 0 0 0 0 
too small for genus 0 0 0 16 61 51 0 0 0 1 0 0 0 0 0 0 0 0 
Crocothemis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplacodes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Nannophya 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Orthetrum  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tramea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zyxomma 0 0 0 0 0 0 0 6 0 15 1 0 0 0 0 0 0 0 
Ecnomus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hellyethira 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
too small for genus 1 3 0 0 1 0 0 0 0 4 0 4 0 0 0 0 0 0 
Leptorussa 0 0 0 0 1 0 4 1 1 0 0 0 0 0 0 0 1 0 
Oecetis 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 
Symphitoneuria 0 0 0 0 0 0 0 40 0 4 0 2 0 0 0 0 0 0 
Triplectides 1 0 0 0 0 0 3 310 59 0 0 0 0 0 0 3 1 0 
Leptoceridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Birds 
Urban (summer 2012) 
 
Gallinula tenebrosa 1 1 28 13 0 0 0 0 2 2 5 5 
Egretta novaehollandiae 0 0 0 0 0 0 0 0 0 0 1 1 
Phalacrocorax melanoleucos 0 0 0 0 0 0 0 0 0 0 0 0 
Threskionis molucca 0 0 19 17 0 0 0 0 0 0 0 0 
Manorina melanocephala 0 0 0 0 0 1 0 0 2 2 0 0 
Ardea pacifica 0 0 0 0 0 0 0 0 0 0 0 0 
Anas superciliosa 0 1 24 69 0 0 0 0 0 0 8 11 
Rhipidura leucophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Hirundo neoxena 0 0 0 3 0 0 0 0 0 0 0 0 
Anser Anser domesticus 0 0 5 4 0 0 0 0 0 0 0 0 
Fulcia atra 0 0 6 0 0 0 0 0 0 0 0 1 
Anthochaera carunculata 0 0 0 1 0 0 0 0 0 0 0 0 
Streptopelia chinensis 0 0 0 1 0 0 0 0 0 0 0 2 
Acrieotheres tristis 0 0 0 2 0 0 0 0 0 0 1 0 
Aythya australis 0 0 0 0 0 0 0 0 0 0 0 0 
Vanellus miles 0 0 0 0 2 0 0 0 0 0 0 0 
Chenonetta jubata 0 0 0 0 0 0 0 0 0 0 2 0 
Phalacrocorax varius 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos domesticus 0 0 0 0 0 0 0 0 0 0 2 1 
Platalea regia 0 0 0 0 0 0 0 0 0 0 1 0 
Corvus coronoides 0 0 0 0 0 0 0 0 0 0 0 0 
Gymnorhina tibicen 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax sulcirostris 0 0 0 0 0 0 0 0 0 0 0 0 
Loren Hull 
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Ardea spp. 0 0 0 0 0 0 0 0 0 0 0 0 
Acanthiza nana 0 0 0 0 0 0 0 0 0 0 0 0 
Grallina cyanoleuca 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua galerita 0 0 0 0 0 0 0 0 0 0 0 0 
Porphyrio porphyrio 0 0 0 0 0 0 0 0 0 0 0 0 
Acridotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Platycercus eximius 0 0 0 0 0 0 0 0 0 0 0 0 
Columbia livia 0 0 0 0 0 0 0 0 0 0 0 0 
Trichoglossus haematodus 0 0 0 0 0 0 0 0 0 0 0 0 
Dacelo leachii 0 0 0 0 0 0 0 0 0 0 0 0 
Anas rhynchotis 0 0 0 0 0 0 0 0 0 0 0 0 
Anas castanea 0 0 0 0 0 0 0 0 0 0 0 0 
Lichenostomus leucotis 0 0 0 0 0 0 0 0 0 0 0 0 
Pelecanus conspicillatus 0 0 0 0 0 0 0 0 0 0 0 0 
Anhinga melanogaster 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua sanguinea 0 0 0 0 0 0 0 0 0 0 0 0 
Calyptorhynchus funereus 0 0 0 0 0 0 0 0 0 0 0 0 
Ocyphaps lophotes 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos  0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua roseicapilla 0 0 0 0 0 0 0 0 0 0 0 0 
Oxyura australis 0 0 0 0 0 0 0 0 0 0 0 0 
Manorina melanophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Elseyornis melanops 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus splendens 0 0 0 0 0 0 0 0 0 0 0 0 
Haliastur sphenurus 0 0 0 0 0 0 0 0 0 0 0 0 
 
 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
325 
 
Birds 
Urban (autumn) 
 
Gallinula tenebrosa 2 1 4 9 0 3 0 0 2 0 2 2 
Egretta novaehollandiae 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax melanoleucos 0 0 0 0 0 0 0 0 0 0 0 0 
Threskionis molucca 1 0 1 13 0 0 0 0 0 0 0 0 
Manorina melanocephala 0 0 0 0 0 0 1 0 0 3 1 0 
Ardea pacifica 0 0 0 0 0 0 0 0 0 0 0 0 
Anas superciliosa 0 0 5 16 0 0 0 0 5 0 5 11 
Rhipidura leucophrys 0 0 0 0 0 0 0 2 0 0 2 0 
Hirundo neoxena 0 0 0 4 0 1 0 0 0 0 0 0 
Anser Anser domesticus 0 0 0 0 0 0 0 0 0 0 1 0 
Fulcia atra 0 0 0 0 0 0 0 0 0 0 0 0 
Anthochaera carunculata 0 0 0 0 0 0 0 0 0 0 1 0 
Streptopelia chinensis 0 0 0 0 0 0 0 0 0 0 0 0 
Acrieotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Aythya australis 0 0 0 0 0 0 0 0 0 0 0 0 
Vanellus miles 0 0 0 0 0 0 0 0 0 0 0 2 
Chenonetta jubata 0 0 0 0 0 0 0 0 0 0 2 0 
Phalacrocorax varius 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Platalea regia 0 0 1 0 0 0 0 0 0 0 0 0 
Corvus coronoides 0 0 0 0 0 0 0 0 0 0 0 0 
Gymnorhina tibicen 1 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax sulcirostris 0 0 0 0 0 0 0 0 0 0 0 0 
Loren Hull 
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Ardea spp. 0 0 0 0 0 0 0 0 0 0 0 0 
Acanthiza nana 0 0 0 0 0 0 0 0 0 0 0 0 
Grallina cyanoleuca 0 0 0 0 0 1 0 0 0 0 1 0 
Cacatua galerita 0 0 0 0 0 0 1 0 0 0 0 0 
Porphyrio porphyrio 0 0 0 2 0 0 0 0 2 3 4 9 
Acridotheres tristis 0 0 0 0 0 0 0 0 0 0 5 0 
Platycercus eximius 0 0 0 0 0 0 0 0 0 1 0 0 
Columbia livia 0 0 0 15 0 0 0 0 0 0 0 0 
Trichoglossus haematodus 0 0 2 0 0 0 0 0 0 0 0 0 
Dacelo leachii 0 0 0 0 0 0 0 0 0 0 0 0 
Anas rhynchotis 0 0 0 0 0 0 0 0 0 0 0 0 
Anas castanea 0 0 0 0 0 0 0 0 0 0 0 0 
Lichenostomus leucotis 0 0 0 0 0 0 0 0 0 0 0 0 
Pelecanus conspicillatus 0 0 0 0 0 0 0 0 0 0 0 0 
Anhinga melanogaster 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua sanguinea 0 0 0 0 0 0 0 0 0 0 0 0 
Calyptorhynchus funereus 0 0 0 0 0 0 0 0 0 0 0 0 
Ocyphaps lophotes 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos  0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua roseicapilla 0 0 0 0 0 0 0 0 0 0 0 0 
Oxyura australis 0 0 0 0 0 0 0 0 0 0 0 0 
Manorina melanophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Elseyornis melanops 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus splendens 0 0 0 0 0 0 0 0 0 0 0 0 
Haliastur sphenurus 0 0 0 0 0 0 0 0 0 0 0 0 
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Birds 
Urban (winter) 
 
Gallinula tenebrosa 2 2 24 12 0 0 0 0 3 0 3 4 
Egretta novaehollandiae 0 0 1 0 0 2 0 0 0 0 0 0 
Phalacrocorax melanoleucos 0 0 0 0 0 0 0 0 0 0 0 0 
Threskionis molucca 0 0 2 2 0 0 0 0 0 0 0 0 
Manorina melanocephala 0 0 0 5 0 0 0 0 0 0 3 12 
Ardea pacifica 0 0 0 0 0 0 0 0 0 0 0 0 
Anas superciliosa 0 0 60 50 0 0 0 0 0 0 3 15 
Rhipidura leucophrys 0 0 0 2 0 0 0 0 0 0 1 1 
Hirundo neoxena 0 0 0 1 0 0 0 0 0 0 5 0 
Anser Anser domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Fulcia atra 0 0 0 2 0 0 0 0 0 0 0 0 
Anthochaera carunculata 0 0 0 0 0 0 0 0 0 0 0 0 
Streptopelia chinensis 0 0 0 0 0 0 0 0 0 0 0 0 
Acrieotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Aythya australis 0 0 0 7 0 0 0 0 0 0 0 0 
Vanellus miles 0 0 0 2 0 0 0 0 0 0 0 2 
Chenonetta jubata 1 3 0 0 0 0 0 0 0 5 0 0 
Phalacrocorax varius 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos domesticus 0 0 0 0 0 0 0 0 0 0 1 1 
Platalea regia 0 0 1 0 0 0 0 0 0 0 0 0 
Corvus coronoides 0 0 0 0 0 0 0 0 0 0 1 0 
Gymnorhina tibicen 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax sulcirostris 0 0 0 0 0 0 0 0 0 0 0 0 
Loren Hull 
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Ardea spp. 0 0 0 1 0 0 0 0 0 0 0 1 
Acanthiza nana 0 0 0 0 0 0 0 0 0 0 0 0 
Grallina cyanoleuca 0 0 0 0 0 0 0 0 0 0 1 1 
Cacatua galerita 0 0 0 0 0 0 0 0 0 0 0 0 
Porphyrio porphyrio 0 0 3 0 0 0 0 0 1 3 9 12 
Acridotheres tristis 0 0 5 0 0 0 0 0 0 0 0 0 
Platycercus eximius 0 0 0 0 0 0 0 0 0 0 0 0 
Columbia livia 0 0 60 0 0 0 0 0 0 0 0 0 
Trichoglossus haematodus 0 0 0 0 0 0 0 0 0 0 0 0 
Dacelo leachii 0 0 0 0 0 0 0 0 0 0 0 0 
Anas rhynchotis 0 0 0 0 0 0 0 0 0 0 0 0 
Anas castanea 0 0 0 0 0 0 0 0 0 0 0 0 
Lichenostomus leucotis 0 0 0 0 0 0 0 0 0 0 1 2 
Pelecanus conspicillatus 0 0 0 0 0 0 0 0 0 0 0 0 
Anhinga melanogaster 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua sanguinea 0 0 0 0 0 0 0 0 0 0 0 1 
Calyptorhynchus funereus 0 0 0 0 0 0 0 0 0 0 0 0 
Ocyphaps lophotes 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos  0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua roseicapilla 0 0 0 0 0 0 0 0 0 0 0 0 
Oxyura australis 0 0 0 0 0 0 0 0 0 0 0 0 
Manorina melanophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Elseyornis melanops 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus splendens 0 0 0 0 0 0 0 0 0 0 0 0 
Haliastur sphenurus 0 0 0 0 0 0 0 0 0 0 0 0 
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Birds 
Urban (spring) 
 
Gallinula tenebrosa 0 0 6 11 0 0 0 0 2 1 0 1 
Egretta novaehollandiae 0 0 0 0 0 0 0 0 0 1 0 0 
Phalacrocorax melanoleucos 0 0 0 0 0 0 0 0 0 0 0 0 
Threskionis molucca 0 0 9 14 0 0 0 0 0 0 0 0 
Manorina melanocephala 0 0 3 6 0 0 0 0 2 0 0 0 
Ardea pacifica 0 0 0 0 0 0 0 0 0 0 0 0 
Anas superciliosa 2 2 22 32 0 0 0 0 0 0 3 19 
Rhipidura leucophrys 0 0 0 0 0 2 2 0 0 0 1 1 
Hirundo neoxena 2 0 0 0 0 0 0 0 0 0 0 0 
Anser Anser domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Fulcia atra 0 0 2 0 0 0 0 0 0 0 0 0 
Anthochaera carunculata 0 0 0 0 0 0 0 0 0 0 0 0 
Streptopelia chinensis 0 0 0 0 0 0 0 0 0 0 0 0 
Acrieotheres tristis 0 0 0 0 0 0 0 0 0 2 0 0 
Aythya australis 0 0 0 0 0 0 0 0 0 0 0 0 
Vanellus miles 0 0 0 0 0 0 0 0 0 0 2 0 
Chenonetta jubata 0 0 0 0 0 0 0 0 4 4 0 1 
Phalacrocorax varius 0 0 0 0 0 0 0 0 1 1 0 0 
Anas platyrhynchos domesticus 1 1 5 0 0 0 0 0 0 0 3 1 
Platalea regia 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus coronoides 0 0 0 0 0 0 0 0 0 0 0 0 
Gymnorhina tibicen 2 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax sulcirostris 0 0 0 0 0 0 0 0 0 0 0 0 
Loren Hull 
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Ardea spp. 0 0 0 0 0 0 0 0 0 0 1 0 
Acanthiza nana 0 0 0 0 0 0 0 0 0 0 0 0 
Grallina cyanoleuca 0 0 2 0 0 0 0 0 2 2 0 0 
Cacatua galerita 0 0 0 0 0 0 0 0 0 0 0 0 
Porphyrio porphyrio 0 0 2 4 0 0 0 0 0 0 5 6 
Acridotheres tristis 0 0 0 0 0 0 0 0 0 0 3 1 
Platycercus eximius 0 0 0 0 0 0 0 0 0 0 0 0 
Columbia livia 0 0 0 40 0 0 0 0 0 0 0 0 
Trichoglossus haematodus 0 0 0 0 0 0 0 0 0 0 0 0 
Dacelo leachii 0 0 0 0 0 0 0 0 0 0 0 0 
Anas rhynchotis 0 0 0 0 0 0 0 0 0 0 0 0 
Anas castanea 0 0 0 0 0 0 0 0 0 0 0 0 
Lichenostomus leucotis 0 0 0 0 0 0 0 0 0 0 0 0 
Pelecanus conspicillatus 0 0 0 0 0 0 0 0 0 0 0 0 
Anhinga melanogaster 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua sanguinea 0 0 0 0 0 0 0 0 0 0 0 2 
Calyptorhynchus funereus 0 0 0 0 0 0 0 0 0 0 0 0 
Ocyphaps lophotes 0 0 0 1 0 0 0 0 0 3 0 0 
Anas platyrhynchos  0 0 2 2 0 0 0 0 0 0 0 0 
Cacatua roseicapilla 0 0 0 0 0 0 0 0 0 0 0 0 
Oxyura australis 0 0 0 0 0 0 0 0 0 0 0 0 
Manorina melanophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Elseyornis melanops 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus splendens 0 0 0 0 0 0 0 0 0 0 0 2 
Haliastur sphenurus 0 0 0 0 0 0 0 0 0 0 0 0 
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Birds 
Urban (summer 2013) 
 
Gallinula tenebrosa 2 0 4 22 0 0 1 0 6 2 2 2 
Egretta novaehollandiae 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax melanoleucos 0 0 0 0 0 0 0 0 0 0 0 0 
Threskionis molucca 0 0 0 12 0 0 0 0 0 0 0 0 
Manorina melanocephala 0 0 0 0 0 0 0 0 0 0 0 0 
Ardea pacifica 0 0 0 0 0 0 0 0 0 0 0 0 
Anas superciliosa 0 0 2 31 0 0 0 0 0 0 14 5 
Rhipidura leucophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Hirundo neoxena 0 0 0 0 0 0 0 0 0 0 2 0 
Anser Anser domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Fulcia atra 0 0 0 3 0 0 0 0 0 0 2 0 
Anthochaera carunculata 0 0 0 0 0 0 0 0 0 0 0 0 
Streptopelia chinensis 0 0 0 0 0 0 0 0 0 0 0 3 
Acrieotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Aythya australis 0 0 0 0 0 0 0 0 0 0 0 0 
Vanellus miles 0 0 0 2 0 0 0 0 0 0 1 2 
Chenonetta jubata 0 10 0 1 0 0 0 0 0 0 4 4 
Phalacrocorax varius 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos domesticus 0 0 0 2 0 0 0 0 0 0 2 0 
Platalea regia 0 0 0 0 0 0 0 0 0 0 1 1 
Corvus coronoides 0 0 0 0 0 0 0 0 0 0 0 0 
Gymnorhina tibicen 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax sulcirostris 0 0 0 0 0 0 0 0 0 0 0 0 
Loren Hull 
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Ardea spp. 0 0 0 0 0 0 0 0 0 0 0 0 
Acanthiza nana 0 0 0 0 0 0 0 0 0 0 0 0 
Grallina cyanoleuca 0 0 0 2 0 0 0 0 0 0 0 0 
Cacatua galerita 0 0 0 0 0 0 0 0 0 0 0 0 
Porphyrio porphyrio 0 0 0 6 0 0 0 0 0 0 5 12 
Acridotheres tristis 0 0 0 4 0 0 0 0 0 0 0 0 
Platycercus eximius 0 0 0 0 0 0 0 0 0 0 0 0 
Columbia livia 0 0 0 100 0 0 0 0 0 0 0 0 
Trichoglossus haematodus 0 0 0 0 0 0 0 0 0 0 0 0 
Dacelo leachii 0 0 0 0 0 0 0 0 0 0 0 0 
Anas rhynchotis 0 0 0 0 0 0 0 0 0 0 0 0 
Anas castanea 0 0 0 0 0 0 0 0 0 0 0 0 
Lichenostomus leucotis 0 0 0 0 0 0 0 0 0 0 0 0 
Pelecanus conspicillatus 0 0 0 0 0 0 0 0 0 0 0 0 
Anhinga melanogaster 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua sanguinea 0 0 0 0 0 0 0 0 0 0 0 0 
Calyptorhynchus funereus 0 0 0 0 0 0 0 0 0 0 0 0 
Ocyphaps lophotes 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos  0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua roseicapilla 0 0 0 0 0 0 0 0 0 0 0 0 
Oxyura australis 0 0 0 0 0 0 0 0 0 0 0 0 
Manorina melanophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Elseyornis melanops 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus splendens 0 0 0 0 0 0 0 0 0 0 0 0 
Haliastur sphenurus 0 0 0 0 0 0 0 0 0 0 0 0 
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Birds 
Natural (summer 2012) 
 
Gallinula tenebrosa 0 0 0 0 0 0 1 2 0 0 0 0 
Egretta novaehollandiae 1 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax melanoleucos 1 0 0 0 0 0 0 0 0 0 0 0 
Threskionis molucca 0 0 0 0 0 0 3 4 0 0 0 0 
Manorina melanocephala 0 0 1 1 1 2 2 2 0 0 0 0 
Ardea pacifica 0 1 0 0 0 0 0 0 0 0 0 0 
Anas superciliosa 1 0 0 0 0 0 1 2 0 0 0 0 
Rhipidura leucophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Hirundo neoxena 0 0 0 0 0 0 0 0 0 0 0 0 
Anser Anser domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Fulcia atra 0 0 0 0 0 0 0 0 0 0 0 0 
Anthochaera carunculata 0 0 0 0 0 0 0 0 0 0 0 0 
Streptopelia chinensis 0 0 0 0 0 0 0 0 0 0 0 0 
Acrieotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Aythya australis 0 0 0 0 0 0 0 0 0 0 0 0 
Vanellus miles 0 0 0 0 0 0 0 0 0 0 0 0 
Chenonetta jubata 0 0 0 0 0 0 2 2 0 0 1 0 
Phalacrocorax varius 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Platalea regia 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus coronoides 0 0 0 0 0 0 0 0 0 0 1 0 
Gymnorhina tibicen 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax sulcirostris 0 0 0 0 0 0 0 0 0 0 0 0 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
334 
 
Ardea spp. 0 0 0 0 0 0 0 0 0 0 0 0 
Acanthiza nana 0 0 0 0 0 0 0 0 0 0 0 0 
Grallina cyanoleuca 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua galerita 0 0 0 0 0 0 0 0 0 0 0 0 
Porphyrio porphyrio 0 0 0 0 0 0 0 0 0 0 0 0 
Acridotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Platycercus eximius 0 0 0 0 0 0 0 0 0 0 0 0 
Columbia livia 0 0 0 0 0 0 0 0 0 0 0 0 
Trichoglossus haematodus 0 0 0 0 0 0 0 0 0 0 0 0 
Dacelo leachii 0 0 0 0 0 0 0 0 0 0 0 0 
Anas rhynchotis 0 0 0 0 0 0 0 0 0 0 0 0 
Anas castanea 0 0 0 0 0 0 0 0 0 0 0 0 
Lichenostomus leucotis 0 0 0 0 0 0 0 0 0 0 0 0 
Pelecanus conspicillatus 0 0 0 0 0 0 0 0 0 0 0 0 
Anhinga melanogaster 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua sanguinea 0 0 0 0 0 0 0 0 0 0 0 0 
Calyptorhynchus funereus 0 0 0 0 0 0 0 0 0 0 0 0 
Ocyphaps lophotes 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos  0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua roseicapilla 0 0 0 0 0 0 0 0 0 0 0 0 
Oxyura australis 0 0 0 0 0 0 0 0 0 0 0 0 
Manorina melanophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Elseyornis melanops 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus splendens 0 0 0 0 0 0 0 0 0 0 0 0 
Haliastur sphenurus 0 0 0 0 0 0 0 0 0 0 0 0 
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Birds 
Natural (autumn) 
 
Gallinula tenebrosa 0 0 0 0 1 0 3 1 0 0 0 0 
Egretta novaehollandiae 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax melanoleucos 0 0 0 0 0 0 1 1 0 0 0 0 
Threskionis molucca 0 0 0 0 0 0 0 0 0 0 0 0 
Manorina melanocephala 0 0 0 1 0 0 1 0 0 0 0 0 
Ardea pacifica 0 0 0 0 0 0 0 0 0 0 0 0 
Anas superciliosa 0 0 0 3 0 0 3 0 0 0 0 0 
Rhipidura leucophrys 0 0 0 0 0 0 0 0 0 0 1 2 
Hirundo neoxena 0 0 0 0 0 0 0 0 0 0 0 0 
Anser Anser domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Fulcia atra 0 0 0 0 0 0 0 0 0 0 0 0 
Anthochaera carunculata 0 0 0 0 0 0 0 0 0 0 0 0 
Streptopelia chinensis 0 0 0 0 0 0 0 0 0 0 0 0 
Acrieotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Aythya australis 0 0 0 0 0 0 0 0 0 0 0 0 
Vanellus miles 0 0 0 0 0 0 0 0 0 0 0 0 
Chenonetta jubata 0 0 4 0 0 0 2 11 0 0 0 0 
Phalacrocorax varius 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Platalea regia 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus coronoides 0 0 0 2 0 0 0 0 0 0 0 0 
Gymnorhina tibicen 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax sulcirostris 0 0 0 0 0 0 0 0 0 0 0 0 
Loren Hull 
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Ardea spp. 0 0 0 0 0 0 0 0 0 0 0 0 
Acanthiza nana 0 0 0 0 0 0 0 0 0 0 0 0 
Grallina cyanoleuca 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua galerita 0 0 0 0 0 0 0 0 0 0 0 0 
Porphyrio porphyrio 0 0 0 0 0 0 0 2 0 0 0 0 
Acridotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Platycercus eximius 0 0 0 0 0 0 0 0 0 0 0 0 
Columbia livia 0 0 0 0 0 0 0 0 0 0 0 0 
Trichoglossus haematodus 0 0 0 2 0 0 0 0 0 0 0 0 
Dacelo leachii 0 0 0 1 0 0 0 0 0 0 0 0 
Anas rhynchotis 0 0 0 0 0 0 0 0 0 0 0 0 
Anas castanea 0 0 0 0 0 0 0 0 0 0 0 0 
Lichenostomus leucotis 0 0 0 0 0 0 0 0 0 0 0 0 
Pelecanus conspicillatus 0 0 0 0 0 0 0 0 0 0 0 0 
Anhinga melanogaster 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua sanguinea 0 0 0 0 0 0 0 0 0 0 0 0 
Calyptorhynchus funereus 0 0 0 0 0 0 0 0 0 0 0 0 
Ocyphaps lophotes 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos  0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua roseicapilla 0 0 0 0 0 0 0 0 0 0 0 0 
Oxyura australis 0 0 0 0 0 0 0 0 0 0 0 0 
Manorina melanophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Elseyornis melanops 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus splendens 0 0 0 0 0 0 0 0 0 0 0 0 
Haliastur sphenurus 0 0 0 0 0 0 0 0 0 0 0 0 
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Birds 
Natural (winter) 
Gallinula tenebrosa 0 0 1 0 1 0 0 1 0 0 0 0 
Egretta novaehollandiae 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax melanoleucos 0 0 0 0 0 0 0 0 0 0 0 0 
Threskionis molucca 0 0 0 0 0 0 0 1 0 0 0 0 
Manorina melanocephala 0 0 4 0 0 0 0 0 0 0 0 0 
Ardea pacifica 0 0 0 0 0 0 0 0 0 0 0 0 
Anas superciliosa 0 0 2 0 0 0 2 0 0 0 2 0 
Rhipidura leucophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Hirundo neoxena 0 0 0 0 0 0 0 0 0 0 0 0 
Anser Anser domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Fulcia atra 0 0 0 0 0 0 0 0 0 0 0 0 
Anthochaera carunculata 0 0 0 0 0 0 0 0 0 0 0 0 
Streptopelia chinensis 0 0 0 0 0 0 0 0 0 0 0 0 
Acrieotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Aythya australis 0 0 0 0 0 0 0 0 0 0 0 0 
Vanellus miles 0 0 0 0 0 0 0 0 0 0 0 0 
Chenonetta jubata 0 0 0 0 0 0 4 16 0 0 0 0 
Phalacrocorax varius 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Platalea regia 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus coronoides 0 0 0 0 0 0 0 3 0 0 0 0 
Gymnorhina tibicen 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax sulcirostris 0 0 0 0 0 0 0 0 0 0 0 0 
Ardea spp. 0 0 0 0 0 0 0 0 0 0 0 0 
Acanthiza nana 0 0 0 0 0 0 0 0 0 0 0 0 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
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Grallina cyanoleuca 0 0 0 0 0 0 0 1 0 0 0 0 
Cacatua galerita 0 0 0 0 0 0 0 0 0 0 0 0 
Porphyrio porphyrio 1 0 0 0 0 0 0 4 0 0 0 0 
Acridotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Platycercus eximius 0 0 0 0 0 0 0 0 0 0 0 0 
Columbia livia 0 0 0 0 0 0 0 0 0 0 0 0 
Trichoglossus haematodus 0 0 0 0 0 0 0 0 0 0 0 0 
Dacelo leachii 0 0 0 0 0 0 0 0 0 0 0 0 
Anas rhynchotis 0 0 2 0 0 0 0 0 0 0 0 0 
Anas castanea 0 0 0 0 0 0 0 2 0 0 0 0 
Lichenostomus leucotis 0 0 0 0 0 0 0 0 0 0 0 0 
Pelecanus conspicillatus 0 0 0 0 0 0 0 0 0 0 0 0 
Anhinga melanogaster 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua sanguinea 0 0 0 0 0 0 0 0 0 0 0 0 
Calyptorhynchus funereus 0 0 0 0 0 0 0 0 0 0 0 0 
Ocyphaps lophotes 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos  0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua roseicapilla 0 0 0 0 0 0 0 0 0 0 0 0 
Oxyura australis 0 0 0 0 0 0 0 0 0 0 0 0 
Manorina melanophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Elseyornis melanops 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus splendens 0 0 0 0 0 0 0 0 0 0 0 0 
Haliastur sphenurus 0 0 0 0 0 0 0 0 0 0 0 0 
 
 
 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
339 
 
Birds 
Natural (spring) 
 
Gallinula tenebrosa 0 0 0 0 0 0 0 0 0 0 0 0 
Egretta novaehollandiae 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax melanoleucos 0 0 0 0 0 0 0 0 0 0 0 0 
Threskionis molucca 0 0 0 0 0 0 0 0 0 0 0 0 
Manorina melanocephala 0 0 0 0 0 0 0 0 0 0 0 0 
Ardea pacifica 1 1 0 0 0 0 0 0 0 1 0 0 
Anas superciliosa 0 0 0 0 0 0 0 0 2 0 0 2 
Rhipidura leucophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Hirundo neoxena 0 0 0 0 0 0 0 0 0 0 0 0 
Anser Anser domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Fulcia atra 0 0 0 0 0 0 0 0 0 0 0 0 
Anthochaera carunculata 0 0 0 0 0 0 0 0 0 0 0 0 
Streptopelia chinensis 0 0 0 0 0 0 0 0 0 0 0 0 
Acrieotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Aythya australis 0 0 0 0 0 0 0 0 0 0 0 0 
Vanellus miles 0 0 0 0 0 0 0 0 0 0 0 0 
Chenonetta jubata 0 0 0 0 0 0 5 8 0 0 0 0 
Phalacrocorax varius 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Platalea regia 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus coronoides 0 0 0 0 0 0 0 0 0 0 0 0 
Gymnorhina tibicen 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax sulcirostris 0 0 0 0 0 0 0 0 0 0 0 0 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
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Ardea spp. 0 0 0 0 0 0 0 0 0 0 0 0 
Acanthiza nana 0 0 0 0 0 0 0 0 0 0 0 0 
Grallina cyanoleuca 0 0 0 0 0 0 3 1 0 0 0 0 
Cacatua galerita 0 0 0 0 0 0 0 0 0 0 0 0 
Porphyrio porphyrio 0 0 0 0 0 0 0 3 0 0 0 0 
Acridotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Platycercus eximius 0 0 0 0 0 0 0 0 0 0 0 0 
Columbia livia 0 0 0 0 0 0 0 0 0 0 0 0 
Trichoglossus haematodus 0 0 0 0 0 0 0 0 0 0 0 0 
Dacelo leachii 0 0 0 0 0 0 0 0 0 0 0 0 
Anas rhynchotis 0 0 0 0 0 0 0 0 0 0 0 0 
Anas castanea 0 0 0 0 0 0 0 0 0 0 0 0 
Lichenostomus leucotis 0 0 0 0 0 0 0 0 0 0 0 0 
Pelecanus conspicillatus 0 0 0 0 0 0 0 0 0 0 0 0 
Anhinga melanogaster 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua sanguinea 0 0 0 0 0 0 0 0 0 0 0 0 
Calyptorhynchus funereus 0 0 0 0 0 0 0 0 0 0 0 0 
Ocyphaps lophotes 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos  0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua roseicapilla 0 0 3 0 0 0 0 0 0 0 0 0 
Oxyura australis 0 0 0 0 0 0 0 0 0 0 8 5 
Manorina melanophrys 0 0 0 0 0 0 0 0 0 1 0 0 
Elseyornis melanops 0 0 0 0 0 0 0 0 0 0 2 2 
Corvus splendens 0 0 0 0 0 0 0 0 0 0 0 0 
Haliastur sphenurus 0 0 0 0 0 0 0 0 0 0 0 0 
 
 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
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Birds 
Natural (summer 2013) 
 
Gallinula tenebrosa 1 1 0 0 0 0 0 0 0 0 0 0 
Egretta novaehollandiae 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax melanoleucos 0 0 0 0 0 0 0 0 0 0 0 0 
Threskionis molucca 0 0 0 0 0 0 0 0 0 0 0 0 
Manorina melanocephala 0 0 0 0 0 0 2 0 0 0 0 0 
Ardea pacifica 0 0 0 0 0 0 0 0 0 0 0 0 
Anas superciliosa 0 0 0 0 0 0 2 0 0 0 0 0 
Rhipidura leucophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Hirundo neoxena 0 0 0 0 0 0 0 0 0 0 0 0 
Anser Anser domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Fulcia atra 0 0 0 0 0 0 0 0 0 0 0 0 
Anthochaera carunculata 0 0 0 0 0 0 0 0 0 0 0 0 
Streptopelia chinensis 0 0 0 0 0 0 0 0 0 0 0 0 
Acrieotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Aythya australis 0 0 0 0 0 0 0 0 0 0 0 0 
Vanellus miles 0 0 0 0 0 0 0 0 0 0 0 0 
Chenonetta jubata 0 0 0 0 0 0 2 0 0 0 0 0 
Phalacrocorax varius 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Platalea regia 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus coronoides 0 0 0 0 0 0 0 0 0 0 0 0 
Gymnorhina tibicen 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax sulcirostris 0 0 0 0 0 0 0 0 0 0 0 0 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
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Ardea spp. 0 0 0 0 0 0 0 0 0 0 0 0 
Acanthiza nana 0 0 0 0 0 0 0 0 0 0 0 0 
Grallina cyanoleuca 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua galerita 0 0 0 0 0 0 0 0 0 0 0 0 
Porphyrio porphyrio 0 0 0 0 0 0 0 0 0 0 0 0 
Acridotheres tristis 0 0 0 0 0 0 0 2 0 0 0 0 
Platycercus eximius 0 0 0 0 0 0 0 0 0 0 0 0 
Columbia livia 0 0 0 0 0 0 0 0 0 0 0 0 
Trichoglossus haematodus 0 0 0 0 0 0 0 0 0 0 0 0 
Dacelo leachii 0 0 0 0 0 0 0 0 0 0 0 0 
Anas rhynchotis 0 0 0 0 0 0 0 0 0 0 0 0 
Anas castanea 0 0 0 0 0 0 0 0 0 0 0 0 
Lichenostomus leucotis 0 0 0 0 0 0 0 0 0 0 0 0 
Pelecanus conspicillatus 0 0 0 0 0 0 0 0 0 0 0 0 
Anhinga melanogaster 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua sanguinea 0 0 0 0 0 0 0 0 0 0 0 0 
Calyptorhynchus funereus 0 0 0 0 0 0 0 0 0 0 0 0 
Ocyphaps lophotes 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos  0 0 0 0 2 2 0 0 0 0 0 0 
Cacatua roseicapilla 0 0 0 0 0 0 0 0 0 0 0 0 
Oxyura australis 0 0 0 0 4 4 0 0 0 0 0 0 
Manorina melanophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Elseyornis melanops 0 0 0 0 0 0 0 0 0 0 0 2 
Corvus splendens 0 0 0 0 0 0 0 0 0 0 0 0 
Haliastur sphenurus 0 0 0 0 0 0 0 0 0 0 0 0 
 
 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
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Birds 
Farm (summer 2012) 
 
Gallinula tenebrosa 0 1 0 0 0 0 0 0 0 0 0 0 
Egretta novaehollandiae 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax melanoleucos 0 0 0 0 0 0 0 0 0 0 0 0 
Threskionis molucca 5 0 0 0 0 4 0 0 0 2 0 0 
Manorina melanocephala 0 0 1 0 0 0 1 2 0 0 0 0 
Ardea pacifica 0 0 2 0 0 0 0 0 0 0 0 0 
Anas superciliosa 0 0 4 1 1 20 0 0 0 0 0 0 
Rhipidura leucophrys 0 0 1 0 0 0 0 0 0 0 0 0 
Hirundo neoxena 0 0 0 0 0 2 0 0 0 0 0 0 
Anser Anser domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Fulcia atra 0 0 0 0 0 0 0 0 0 0 0 0 
Anthochaera carunculata 0 0 2 2 0 0 0 0 0 0 0 0 
Streptopelia chinensis 0 0 0 0 0 0 7 5 0 0 0 0 
Acrieotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Aythya australis 0 0 0 0 1 0 0 0 0 0 0 0 
Vanellus miles 0 0 0 0 0 3 0 0 0 0 0 0 
Chenonetta jubata 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax varius 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Platalea regia 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus coronoides 0 0 0 0 0 0 0 0 0 0 0 0 
Gymnorhina tibicen 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax sulcirostris 0 0 0 0 0 0 0 0 0 0 0 0 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
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Ardea spp. 0 0 0 0 0 0 0 0 0 0 0 0 
Acanthiza nana 0 0 0 0 0 0 0 0 0 0 0 0 
Grallina cyanoleuca 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua galerita 0 0 0 0 0 0 0 0 0 0 0 0 
Porphyrio porphyrio 0 0 0 0 0 0 0 0 0 0 0 0 
Acridotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Platycercus eximius 0 0 0 0 0 0 0 0 0 0 0 0 
Columbia livia 0 0 0 0 0 0 0 0 0 0 0 0 
Trichoglossus haematodus 0 0 0 0 0 0 0 0 0 0 0 0 
Dacelo leachii 0 0 0 0 0 0 0 0 0 0 0 0 
Anas rhynchotis 0 0 0 0 0 0 0 0 0 0 0 0 
Anas castanea 0 0 0 0 0 0 0 0 0 0 0 0 
Lichenostomus leucotis 0 0 0 0 0 0 0 0 0 0 0 0 
Pelecanus conspicillatus 0 0 0 0 0 0 0 0 0 0 0 0 
Anhinga melanogaster 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua sanguinea 0 0 0 0 0 0 0 0 0 0 0 0 
Calyptorhynchus funereus 0 0 0 0 0 0 0 0 0 0 0 0 
Ocyphaps lophotes 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos  0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua roseicapilla 0 0 0 0 0 0 0 0 0 0 0 0 
Oxyura australis 0 0 0 0 0 0 0 0 0 0 0 0 
Manorina melanophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Elseyornis melanops 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus splendens 0 0 0 0 0 0 0 0 0 0 0 0 
Haliastur sphenurus 0 0 0 0 0 0 0 0 0 0 0 0 
 
 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
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Birds 
Farm (autumn) 
 
Gallinula tenebrosa 0 0 1 1 0 0 3 0 0 0 0 0 
Egretta novaehollandiae 0 0 0 0 0 0 1 0 0 0 0 0 
Phalacrocorax melanoleucos 0 0 0 0 0 0 0 0 0 0 0 0 
Threskionis molucca 0 0 0 0 0 0 0 0 0 0 0 0 
Manorina melanocephala 1 1 0 0 0 0 0 0 0 0 0 0 
Ardea pacifica 0 0 0 0 0 0 0 0 0 0 0 0 
Anas superciliosa 2 0 2 2 0 10 1 0 0 0 2 2 
Rhipidura leucophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Hirundo neoxena 0 0 4 0 0 0 0 0 0 0 0 0 
Anser Anser domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Fulcia atra 0 0 0 0 0 0 0 0 0 0 0 0 
Anthochaera carunculata 0 0 0 0 0 0 0 0 0 0 0 0 
Streptopelia chinensis 0 0 0 0 0 0 0 0 0 0 0 0 
Acrieotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Aythya australis 0 0 0 0 0 0 0 0 0 0 0 0 
Vanellus miles 0 0 0 0 0 0 0 0 0 0 0 0 
Chenonetta jubata 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax varius 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Platalea regia 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus coronoides 0 0 0 0 0 0 0 0 0 0 0 0 
Gymnorhina tibicen 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax sulcirostris 0 0 0 0 1 0 0 0 0 0 0 0 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
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Ardea spp. 0 0 0 0 10 2 0 0 0 0 0 0 
Acanthiza nana 0 0 0 0 1 0 0 0 0 0 0 0 
Grallina cyanoleuca 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua galerita 0 0 0 0 0 0 0 0 0 0 0 0 
Porphyrio porphyrio 0 0 0 0 0 0 0 3 0 0 0 0 
Acridotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Platycercus eximius 0 0 0 0 0 0 0 0 0 0 0 1 
Columbia livia 0 0 0 0 0 0 0 0 0 0 0 0 
Trichoglossus haematodus 0 0 0 0 0 0 0 0 0 0 0 0 
Dacelo leachii 0 0 0 0 0 0 0 0 0 0 0 0 
Anas rhynchotis 0 0 0 0 0 0 0 0 0 0 0 0 
Anas castanea 0 0 0 0 0 0 0 0 0 0 0 0 
Lichenostomus leucotis 0 0 0 0 0 0 0 0 0 0 0 0 
Pelecanus conspicillatus 0 0 0 0 0 0 0 0 0 0 0 0 
Anhinga melanogaster 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua sanguinea 0 0 0 0 0 0 0 0 0 0 0 0 
Calyptorhynchus funereus 0 0 0 0 0 0 0 0 0 0 0 0 
Ocyphaps lophotes 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos  0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua roseicapilla 0 0 0 0 0 0 0 0 0 0 0 0 
Oxyura australis 0 0 0 0 0 0 0 0 0 0 0 0 
Manorina melanophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Elseyornis melanops 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus splendens 0 0 0 0 0 0 0 0 0 0 0 0 
Haliastur sphenurus 0 0 0 0 0 0 0 0 0 0 0 0 
 
 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
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Birds 
Farm (winter) 
 
Gallinula tenebrosa 0 0 1 2 0 0 0 0 0 0 0 0 
Egretta novaehollandiae 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax melanoleucos 0 0 0 0 0 0 0 0 0 0 0 0 
Threskionis molucca 0 0 0 0 0 0 0 0 0 0 0 0 
Manorina melanocephala 0 0 0 0 0 0 0 0 1 0 0 0 
Ardea pacifica 0 0 0 0 0 0 0 0 0 0 0 0 
Anas superciliosa 0 0 4 4 0 3 0 0 0 0 0 0 
Rhipidura leucophrys 0 0 1 0 0 0 0 0 0 0 0 0 
Hirundo neoxena 0 0 0 0 0 1 5 0 0 0 0 0 
Anser Anser domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Fulcia atra 0 0 0 0 0 0 0 0 0 0 0 0 
Anthochaera carunculata 0 0 0 0 0 0 0 0 0 0 0 0 
Streptopelia chinensis 0 0 0 0 0 0 0 0 0 0 0 0 
Acrieotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Aythya australis 0 0 0 2 0 1 0 0 0 0 0 0 
Vanellus miles 0 0 0 0 0 0 0 0 0 0 0 0 
Chenonetta jubata 0 0 0 0 0 2 0 0 0 0 0 0 
Phalacrocorax varius 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Platalea regia 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus coronoides 0 0 0 0 0 0 0 0 0 0 0 0 
Gymnorhina tibicen 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax sulcirostris 0 0 0 0 0 0 0 0 0 0 0 0 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
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Ardea spp. 0 1 0 0 0 3 0 0 0 0 0 0 
Acanthiza nana 0 0 0 0 0 0 0 0 0 0 0 0 
Grallina cyanoleuca 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua galerita 0 0 0 0 0 0 0 0 0 0 0 0 
Porphyrio porphyrio 0 0 0 0 0 0 3 0 0 0 0 0 
Acridotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Platycercus eximius 0 0 0 0 0 0 0 0 0 0 0 0 
Columbia livia 0 0 0 0 0 0 0 0 0 0 0 0 
Trichoglossus haematodus 0 0 0 0 0 0 0 0 0 0 0 0 
Dacelo leachii 0 0 0 0 0 0 0 0 0 0 0 0 
Anas rhynchotis 0 0 1 0 0 0 0 0 0 0 0 0 
Anas castanea 0 0 0 0 0 0 0 0 0 0 0 0 
Lichenostomus leucotis 0 0 0 0 0 0 0 0 0 0 0 0 
Pelecanus conspicillatus 0 0 0 0 0 0 0 0 0 0 0 0 
Anhinga melanogaster 0 0 0 0 0 0 0 0 0 0 0 1 
Cacatua sanguinea 0 0 0 0 0 0 0 0 0 0 0 0 
Calyptorhynchus funereus 0 0 0 0 0 0 0 0 0 0 0 0 
Ocyphaps lophotes 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos  0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua roseicapilla 0 0 0 0 0 0 0 0 0 0 0 0 
Oxyura australis 0 0 0 0 0 0 0 0 0 0 0 0 
Manorina melanophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Elseyornis melanops 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus splendens 0 0 0 0 0 0 0 0 0 0 0 0 
Haliastur sphenurus 0 0 0 0 0 0 0 0 0 0 0 0 
 
 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
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Birds 
Farm (spring) 
 
Gallinula tenebrosa 0 0 1 0 0 0 0 0 0 0 0 0 
Egretta novaehollandiae 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax melanoleucos 0 0 0 1 1 1 0 0 0 0 0 0 
Threskionis molucca 0 0 0 0 1 2 0 0 0 0 0 0 
Manorina melanocephala 0 0 0 0 0 0 0 1 0 0 0 0 
Ardea pacifica 0 0 0 0 0 0 0 0 0 0 0 0 
Anas superciliosa 0 4 0 0 27 4 2 0 1 0 0 0 
Rhipidura leucophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Hirundo neoxena 0 0 0 0 4 7 0 0 0 0 1 0 
Anser Anser domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Fulcia atra 0 0 0 0 0 0 0 0 0 0 0 0 
Anthochaera carunculata 0 0 0 0 0 0 0 0 0 0 0 0 
Streptopelia chinensis 0 0 0 0 0 0 0 0 0 0 0 0 
Acrieotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Aythya australis 0 0 0 0 0 0 0 0 0 0 0 0 
Vanellus miles 0 0 0 0 0 0 0 0 0 0 0 0 
Chenonetta jubata 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax varius 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Platalea regia 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus coronoides 0 0 0 0 0 0 0 0 0 0 0 0 
Gymnorhina tibicen 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax sulcirostris 0 0 0 0 7 7 0 0 0 0 0 0 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
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Ardea spp. 0 0 0 0 1 1 0 0 0 0 0 0 
Acanthiza nana 0 0 0 0 0 0 0 0 0 0 0 0 
Grallina cyanoleuca 0 0 0 0 0 1 0 0 0 0 0 0 
Cacatua galerita 0 0 0 0 0 0 0 0 0 0 0 0 
Porphyrio porphyrio 0 0 0 0 0 0 3 2 0 0 0 0 
Acridotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Platycercus eximius 0 0 0 0 0 0 0 0 0 0 0 0 
Columbia livia 0 0 0 0 0 0 0 0 0 0 0 0 
Trichoglossus haematodus 0 0 0 0 0 0 0 0 0 0 0 0 
Dacelo leachii 0 0 0 0 0 0 0 0 0 0 0 0 
Anas rhynchotis 0 0 0 0 0 0 0 0 0 0 0 0 
Anas castanea 0 0 0 0 0 0 0 0 0 0 0 0 
Lichenostomus leucotis 0 0 0 0 0 0 0 0 0 0 0 0 
Pelecanus conspicillatus 0 0 0 0 0 1 0 0 0 0 0 0 
Anhinga melanogaster 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua sanguinea 0 0 0 0 0 0 0 0 0 0 0 0 
Calyptorhynchus funereus 0 3 0 0 0 0 0 0 0 0 0 0 
Ocyphaps lophotes 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos  0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua roseicapilla 0 0 0 0 0 0 0 0 0 0 0 0 
Oxyura australis 0 0 5 7 0 27 0 0 0 0 0 0 
Manorina melanophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Elseyornis melanops 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus splendens 0 0 0 0 0 0 0 0 0 0 0 0 
Haliastur sphenurus 0 0 0 0 0 0 0 0 0 0 0 0 
 
 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
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Birds 
Farm (summer 2013) 
 
Gallinula tenebrosa 0 0 0 0 0 3 0 0 0 0 0 1 
Egretta novaehollandiae 0 0 0 0 0 1 0 0 0 0 0 0 
Phalacrocorax melanoleucos 0 0 0 0 0 0 0 0 0 0 0 0 
Threskionis molucca 0 0 0 1 0 0 0 0 0 0 0 0 
Manorina melanocephala 0 0 0 0 0 0 0 0 0 0 0 0 
Ardea pacifica 0 0 0 0 0 0 0 0 0 0 0 0 
Anas superciliosa 0 5 0 1 0 5 0 0 2 4 0 0 
Rhipidura leucophrys 0 0 0 0 0 0 2 0 0 0 0 0 
Hirundo neoxena 0 0 0 0 0 0 0 0 0 0 0 0 
Anser Anser domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Fulcia atra 0 0 0 0 0 0 0 0 0 0 0 0 
Anthochaera carunculata 0 0 0 0 0 0 0 0 0 0 0 0 
Streptopelia chinensis 0 0 0 0 0 0 0 0 0 0 0 0 
Acrieotheres tristis 0 0 0 0 0 2 0 0 0 0 0 0 
Aythya australis 0 0 0 0 0 0 0 0 0 0 0 0 
Vanellus miles 0 0 0 0 0 0 0 0 0 0 0 0 
Chenonetta jubata 0 0 0 0 0 2 0 0 0 4 0 0 
Phalacrocorax varius 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos domesticus 0 0 0 0 0 0 0 0 0 0 0 0 
Platalea regia 0 0 0 0 0 0 0 0 0 0 0 0 
Corvus coronoides 0 0 0 0 0 0 0 0 0 0 0 0 
Gymnorhina tibicen 0 0 0 0 0 0 0 0 0 0 0 0 
Phalacrocorax sulcirostris 0 0 1 0 0 0 0 0 0 0 0 0 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
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Ardea spp. 0 0 1 0 0 0 0 0 0 0 0 0 
Acanthiza nana 0 0 0 0 0 0 0 0 0 0 0 0 
Grallina cyanoleuca 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua galerita 0 0 0 0 0 0 0 0 0 0 0 0 
Porphyrio porphyrio 0 0 0 0 0 0 5 0 0 0 0 0 
Acridotheres tristis 0 0 0 0 0 0 0 0 0 0 0 0 
Platycercus eximius 0 0 0 0 0 0 0 0 0 0 0 0 
Columbia livia 0 0 0 0 0 0 0 0 0 0 0 0 
Trichoglossus haematodus 0 0 0 0 0 0 0 0 0 0 0 0 
Dacelo leachii 0 0 0 0 0 0 0 0 0 0 0 0 
Anas rhynchotis 0 0 0 0 0 0 0 0 0 0 0 0 
Anas castanea 0 0 0 0 0 0 0 0 0 0 0 0 
Lichenostomus leucotis 0 0 0 0 0 0 0 0 0 0 0 0 
Pelecanus conspicillatus 0 0 0 0 0 0 0 0 0 0 0 0 
Anhinga melanogaster 0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua sanguinea 0 0 0 0 0 0 0 0 0 0 0 0 
Calyptorhynchus funereus 0 0 0 0 0 0 0 0 0 0 0 0 
Ocyphaps lophotes 0 0 0 0 0 0 0 0 0 0 0 0 
Anas platyrhynchos  0 0 0 0 0 0 0 0 0 0 0 0 
Cacatua roseicapilla 0 0 0 0 0 0 0 0 0 0 0 0 
Oxyura australis 0 0 6 0 0 0 0 0 0 0 0 0 
Manorina melanophrys 0 0 0 0 0 0 0 0 0 0 0 0 
Elseyornis melanops 0 0 0 0 0 1 0 0 0 0 0 0 
Corvus splendens 0 0 0 0 0 0 0 0 0 0 0 0 
Haliastur sphenurus 0 0 0 0 0 0 0 1 0 0 0 0 
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Urban wetlands 
 
Connectivity (%) 332.95 10.01 241.74 191.1325 72.7575 483.7666667 
Human Disturbance (%) 25 21.42 21.43 21.43 14.29 14.29 
Vegetation Index (%) 40 20 40 40 20 30 
Habitat Potential (%) 26.6 20 33.3 40 33.3 40 
Hydrological Change (%) 16 28 36 24 20 28 
Bank Condition Index (%) 20 10 50 20 0 10 
Fringing Vegetation Index (%) 80 87 86.6 100 80 80 
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Natural wetlands 
Connectivity (%) 43 43 46 32.14 53.57 42 
Human Disturbance (%) 80 70 90 80 80 80 
Vegetation Index (%) 26.6 46.7 47 60 40 28 
Habitat Potential (%) 24 28 40 48 56 25 
Hydrological Change (%) 80 80 80 100 100 80 
Bank Condition Index (%) 86.7 80 87 80 100 85 
Fringing Vegetation Index (%) 45 60 60 70 55 50 
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Farm dams 
 
Connectivity (%) 28.57 14.28 28.6 28.5 10.71 25 
Human Disturbance (%) 60 50 20 60 40 60 
Vegetation Index (%) 46.7 33.3 40 40 40 26.6 
Habitat Potential (%) 40 20 12 12 12 20 
Hydrological Change (%) 40 60 30 100 80 60 
Bank Condition Index (%) 86.7 80 6.7 60 60 66.6 
Fringing Vegetation Index (%) 50 25 30 30 30 20 
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Urban wetlands 
Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 24.3 0.22 52.8 7.1 14 
0 24.3 0.22 52.3 7.09 13 
0 24.3 0.22 52.2 7.09 12.3 
0 24.3 0.22 52 7.09 10.1 
0 24.3 0.22 51.8 7.09 16.3 
0 24.29 0.22 51.6 7.09 11.5 
0 24.3 0.22 51.4 7.08 9.8 
0 24.3 0.22 51.2 7.08 9.5 
0 24.3 0.22 51 7.08 8.1 
0 24.31 0.22 50.9 7.08 10.2 
0 24.4 0.24 62.3 7.18 125.8 
0 24.41 0.24 62 7.17 122.6 
0 24.42 0.24 61.7 7.16 109.7 
0 24.43 0.24 61.4 7.15 93.3 
0 24.43 0.24 61.4 7.15 86.6 
0 24.43 0.24 61.2 7.14 80.4 
0 24.43 0.24 61.2 7.14 78.7 
0 24.43 0.24 61 7.14 76.3 
0 24.43 0.24 60.8 7.14 74.7 
0 24.42 0.24 60.7 7.13 64 
0 24.28 0.25 58.5 7.27 304.2 
0 24.28 0.25 55.2 7.24 293.3 
0 24.28 0.25 53.1 7.22 284.1 
0 24.28 0.25 51.8 7.2 268.1 
0 24.28 0.25 50.8 7.18 255.1 
0 24.29 0.25 49.5 7.16 240.4 
0 24.29 0.25 48.7 7.15 231.5 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
359 
 
Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 24.3 0.25 48.1 7.15 225 
0 24.29 0.25 47 7.13 213 
0 24.29 0.25 46.3 7.12 207.5 
0 24.29 0.25 58.4 7.19 47.6 
0.09 24.29 0.25 51.5 7.16 34.6 
0.23 24.3 0.25 47.9 7.14 23 
0.28 24.3 0.25 45.5 7.13 20.2 
0.28 24.3 0.25 43.3 7.11 19.3 
0.28 24.3 0.25 42.2 7.11 16.3 
0.28 24.3 0.25 40.8 7.1 10.3 
0.28 24.3 0.25 40 7.09 8.7 
0.28 24.3 0.25 39.5 7.08 8.7 
0.28 24.3 0.25 38.7 7.08 7.4 
0 21.92 0.18 49.2 7.14 600 
0 21.93 0.18 49.4 7.14 800 
0.05 21.93 0.18 49 7.13 800 
0.09 21.93 0.18 48.7 7.13 800 
0.14 21.93 0.18 48.4 7.13 800 
0.19 21.93 0.18 48.1 7.12 800 
0.19 21.93 0.18 47.9 7.12 800 
0.19 21.93 0.18 47.7 7.12 800 
0.19 21.93 0.18 47.6 7.12 800 
0.19 21.93 0.18 47.4 7.12 800 
0 21.92 0.18 53.5 7.04 600 
0 21.92 0.18 52.7 7.05 640 
0 21.92 0.18 51.4 7.05 800 
0 21.92 0.18 50.1 7.05 800 
0.09 21.92 0.18 49 7.06 800 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.09 21.92 0.18 48.1 7.06 800 
0.14 21.92 0.18 47.3 7.06 800 
0.14 21.92 0.18 46.7 7.06 800 
0.14 21.92 0.18 46.3 7.07 800 
0.14 21.92 0.18 45.9 7.07 800 
0.14 21.92 0.18 45.4 7.07 800 
0.14 21.92 0.18 45.2 7.07 800 
0.14 21.92 0.18 45 7.07 800 
0.14 21.92 0.18 44.7 7.07 800 
0.14 21.92 0.18 44.5 7.07 800 
0.14 21.92 0.18 44.3 7.08 800 
0.14 21.92 0.21 44 7.08 800 
0.14 21.92 0.21 43.8 7.08 800 
0.14 21.91 0.18 43.6 7.08 800 
0.14 21.92 0.18 43.4 7.08 800 
0.14 21.92 0.18 43.2 7.08 800 
0.14 21.91 0.18 43 7.08 800 
0.14 21.92 0.18 42.8 7.08 800 
0.14 21.92 0.18 42.7 7.08 800 
0.19 21.92 0.18 42.4 7.08 800 
0.14 21.92 0.18 42.3 7.08 800 
0.19 21.92 0.18 42.1 7.08 800 
0.19 21.92 0.18 42 7.08 800 
0.19 21.92 0.18 41.8 7.09 800 
0.19 21.92 0.18 41.7 7.09 800 
0 26.5 0.1 47.6 6.46 18 
0.09 26.46 0.08 45.6 6.46 21.1 
0.09 26.46 0.08 45.1 6.47 21.4 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.09 26.46 0.08 44.6 6.47 21.5 
0.09 26.45 0.1 43.9 6.47 21.8 
0.09 26.44 0.1 43.3 6.47 22 
0.14 26.42 0.08 42.7 6.48 22.3 
0.14 26.41 0.1 42.3 6.48 23 
0.14 26.39 0.1 42.1 6.48 23.3 
0.14 26.38 0.1 42 6.48 23.5 
0 25.84 0.08 62.6 6.67 17.7 
0.19 25.86 0.1 57.9 6.67 23 
0.33 25.88 0.1 55 6.67 22.6 
0.42 25.9 0.1 51.2 6.67 23.1 
0.47 25.91 0.1 47.5 6.68 26.5 
0.47 25.93 0.1 45.8 6.68 26.9 
0.47 25.94 0.1 44 6.68 26.3 
0.47 25.95 0.1 42.2 6.68 25.5 
0.47 25.96 0.1 41.1 6.69 23.4 
0.47 25.96 0.1 40.1 6.69 19.7 
0.47 26 0.1 39.6 6.7 16.6 
0 26.11 0.08 72 6.74 23.5 
0.14 26.12 0.08 67 6.74 30.8 
0.37 26.12 0.08 61.4 6.74 28.2 
0.42 26.13 0.08 59.1 6.74 25.8 
0.42 26.13 0.08 55.6 6.73 21.9 
0.42 26.13 0.1 53.2 6.73 19.2 
0.42 26.14 0.08 51.3 6.73 18 
0.42 26.13 0.08 50 6.73 18.7 
0.42 26.13 0.1 49.1 6.73 19.4 
0.42 26.13 0.08 48.2 6.73 22.7 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 26.19 0.1 76.8 6.82 133.1 
0 26.2 0.1 71.8 6.82 137.5 
0.23 26.2 0.1 65.6 6.82 164.5 
0.33 26.2 0.1 60.1 6.82 150.9 
0.42 26.2 0.1 55.6 6.81 137.5 
0.42 26.2 0.1 52.2 6.81 113.9 
0.42 26.2 0.1 50.9 6.81 105.4 
0.42 26.2 0.1 50 6.81 98.4 
0.42 26.2 0.1 49.9 6.81 91.7 
0.42 26.2 0.1 49.9 6.81 85.7 
0 23.13 0.13 51.3 6.7 800 
0 23.14 0.13 46.8 6.71 800 
0 23.14 0.13 41.9 6.71 800 
0.05 23.13 0.13 37.6 6.71 800 
0.05 23.1 0.13 34.5 6.71 800 
0.09 23.08 0.13 32.1 6.71 800 
0.09 23.08 0.13 30.8 6.71 800 
0.09 23.08 0.13 29.7 6.71 800 
0.09 23.07 0.13 27.6 6.71 800 
0.09 23.06 0.13 25.5 6.72 800 
0.09 23.05 0.13 24.3 6.72 800 
0.09 23.05 0.13 22.9 6.72 800 
0.14 23.04 0.13 21.7 6.72 800 
0.14 23.03 0.13 21.1 6.72 800 
0.14 23.02 0.13 20.8 6.72 800 
0.14 23.01 0.13 20.6 6.72 800 
0.19 22.99 0.13 20.2 6.72 800 
0.19 22.97 0.13 19.5 6.72 800 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.19 22.95 0.13 18.7 6.73 800 
0.19 22.94 0.13 17.9 6.73 800 
0 23.13 0.13 51.3 6.7 800 
0 23.14 0.13 46.8 6.71 800 
0 23.14 0.13 41.9 6.71 800 
0.05 23.13 0.13 37.6 6.71 800 
0.05 23.1 0.13 34.5 6.71 800 
0.09 23.08 0.13 32.1 6.71 800 
0.09 23.08 0.13 30.8 6.71 800 
0.09 23.08 0.13 29.7 6.71 800 
0.09 23.07 0.13 27.6 6.71 800 
0.09 23.06 0.13 25.5 6.72 800 
0.09 23.05 0.13 24.3 6.72 800 
0.09 23.05 0.13 22.9 6.72 800 
0.14 23.04 0.13 21.7 6.72 800 
0.14 23.03 0.13 21.1 6.72 800 
0.14 23.02 0.13 20.8 6.72 800 
0.14 23.01 0.13 20.6 6.72 800 
0.19 22.99 0.13 20.2 6.72 800 
0.19 22.97 0.13 19.5 6.72 800 
0.19 22.95 0.13 18.7 6.73 800 
0.19 22.94 0.13 17.9 6.73 800 
0 19.02 0.2 21.5 6.95 234.9 
0 19.04 0.2 20.6 6.95 231.4 
0 19.04 0.2 20 6.95 226.4 
0 19.04 0.2 19.5 6.95 223.4 
0 19.05 0.2 18.6 6.95 216.9 
0 19.05 0.2 18.1 6.95 215.4 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 19.05 0.2 17.6 6.95 214.1 
0 19.05 0.2 17 6.95 211.6 
0 19.05 0.2 16.7 6.95 209.8 
0 19.05 0.2 16.4 6.95 207.8 
0 18.61 0.1 48.5 7 165.4 
0 18.59 0.1 46.1 7 201.6 
0.05 18.59 0.1 42.5 7 187.5 
0.14 18.59 0.1 38.6 7 165.6 
0.14 18.59 0.1 36.6 7 158.5 
0.19 18.58 0.1 34.6 7 152.2 
0.19 18.58 0.1 32.9 7 147.8 
0.19 18.58 0.1 31.4 7 142.3 
0.19 18.58 0.1 30.2 7 135.4 
0.14 18.58 0.1 29.1 7 128.2 
0 18.44 0.1 51.8 7.13 203.4 
0.09 18.44 0.1 46 7.13 211.5 
0.28 18.44 0.1 41.5 7.12 257.6 
0.37 18.44 0.1 36.7 7.12 245.9 
0.42 18.44 0.1 32.7 7.12 234 
0.42 18.45 0.1 29.3 7.12 222.1 
0.47 18.46 0.1 24.9 7.11 203.1 
0.42 18.46 0.1 22.8 7.11 199.6 
0.42 18.47 0.1 20.7 7.11 196.3 
0.42 18.47 0.1 19.4 7.11 194.9 
0 18.44 0.07 56.2 7.08 533.3 
0.14 18.44 0.07 51.6 7.08 600 
0.33 18.43 0.07 46.7 7.08 640 
0.47 18.44 0.07 41.7 7.08 800 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.51 18.44 0.07 38.1 7.08 800 
0.56 18.44 0.07 35.3 7.08 800 
0.56 18.44 0.07 32.8 7.08 800 
0.56 18.44 0.1 30.4 7.08 800 
0.56 18.44 0.07 28.7 7.08 800 
0.56 18.44 0.07 27.2 7.08 800 
0.23 19.5 0.25 82.7 7.44 244.7 
0.42 19.47 0.25 80.6 7.45 243.8 
0.47 19.45 0.25 80.3 7.45 243.6 
0.47 19.43 0.25 79.7 7.45 243.5 
0.47 19.4 0.25 79.1 7.45 242.8 
0.47 19.39 0.25 78.5 7.45 242.4 
0.47 19.41 0.25 77.8 7.45 242.1 
0.47 19.45 0.25 77.2 7.45 241.8 
0.47 19.45 0.25 76.7 7.45 241.6 
0.47 19.46 0.25 76.2 7.45 241.5 
0.47 19.46 0.25 75.6 7.45 241.4 
0.47 19.49 0.25 75.2 7.45 241.1 
0.47 19.5 0.25 74.7 7.45 241.1 
0.47 19.51 0.25 74.2 7.45 241 
0.47 19.52 0.25 73.8 7.45 240.9 
0.47 19.53 0.25 73.5 7.45 240.8 
0.47 19.55 0.25 73.3 7.45 240.8 
0.47 19.57 0.25 73.1 7.45 241.2 
0.47 19.58 0.25 73 7.45 241.9 
0.47 19.58 0.25 72.8 7.45 242.7 
0.51 19.57 0.25 72.6 7.45 243.3 
0.51 19.56 0.25 72.6 7.45 243.9 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.51 19.56 0.25 72.4 7.45 244 
0.51 19.56 0.25 72.4 7.45 243.5 
0.51 19.56 0.25 72.4 7.45 243 
0.51 19.57 0.25 72.6 7.45 242 
0.51 19.56 0.25 72.8 7.45 241.5 
0.51 19.53 0.25 72.8 7.45 241.5 
0.51 19.52 0.25 73.2 7.45 241.3 
0.51 19.51 0.25 73.7 7.46 241.1 
0.51 19.51 0.25 73.7 7.46 241.1 
0.51 19.48 0.25 74.7 7.46 240.9 
0.51 19.48 0.25 75 7.46 240.6 
0.51 19.46 0.25 75.2 7.46 240.5 
0.51 19.46 0.25 75.3 7.46 240.3 
0.56 19.44 0.25 75.3 7.46 240.1 
0.56 19.44 0.25 75.3 7.46 240.1 
0.56 19.46 0.25 75.1 7.46 240.1 
0.56 19.46 0.25 74.8 7.46 240 
0.56 19.46 0.25 74.6 7.46 240.1 
0 18.94 0.17 33.5 7.44 382.5 
0 18.94 0.17 33.8 7.44 381.6 
0.14 18.94 0.17 33.9 7.44 380.9 
0.23 18.94 0.17 34 7.44 380.2 
0.33 18.94 0.17 33.8 7.44 379.8 
0.33 18.94 0.17 33.4 7.44 379.7 
0.37 18.94 0.17 32.8 7.44 379.9 
0.37 18.95 0.17 32.1 7.44 380.3 
0.37 18.95 0.17 31.6 7.44 380.8 
0.37 18.95 0.17 31 7.44 380.9 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.37 18.95 0.17 30.5 7.44 380.1 
0.37 18.95 0.17 30.1 7.44 378.5 
0.37 18.95 0.17 29.8 7.44 375.9 
0.37 18.95 0.17 29.4 7.44 372.6 
0.37 18.95 0.17 29.4 7.44 372.6 
0.37 18.95 0.17 29 7.44 368.5 
0.37 18.95 0.17 28.7 7.44 364.5 
0.37 18.95 0.17 28.3 7.44 360.6 
0.37 18.95 0.17 28.1 7.44 357 
0.37 18.95 0.17 27.8 7.44 353.8 
0.37 18.81 0.15 27.4 7.45 8.2 
0.37 18.81 0.12 27 7.45 8.1 
0.37 18.81 0.12 26.8 7.45 8 
0.37 18.81 0.12 26.8 7.45 8 
0.37 18.81 0.12 26.4 7.45 7.8 
0.37 18.81 0.12 26.4 7.45 7.8 
0.37 18.81 0.12 26.4 7.45 7.8 
0.37 18.82 0.15 26.4 7.45 7.8 
0.37 18.82 0.15 26.4 7.45 7.8 
0.37 18.82 0.15 26.4 7.45 7.8 
0.37 18.82 0.15 26.4 7.45 7.8 
0.37 18.82 0.12 26.4 7.45 7.8 
0.37 18.82 0.12 26.4 7.45 7.8 
0.33 18.82 0.12 26.4 7.45 7.6 
0.33 18.82 0.12 25 7.45 7.5 
0.37 18.82 0.12 24.9 7.45 7.5 
0.33 18.82 0.15 24.8 7.45 7.3 
0.37 18.82 0.12 24.8 7.45 7.4 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.37 18.82 0.12 24.7 7.45 7.4 
0.37 18.82 0.12 24.7 7.45 7.4 
0.14 16.38 0.21 46.7 7.85 800 
0.23 16.38 0.21 43.5 7.85 800 
0.23 16.39 0.21 43.3 7.85 800 
0.23 16.38 0.21 43.2 7.85 800 
0.23 16.38 0.21 43 7.85 800 
0.23 16.38 0.21 43 7.85 800 
0.23 16.38 0.21 43 7.85 800 
0.23 16.37 0.21 42.9 7.85 800 
0.23 16.37 0.21 42.9 7.85 800 
0.23 16.37 0.21 42.9 7.85 800 
0.23 16.37 0.21 42.8 7.85 800 
0.23 16.37 0.21 42.7 7.85 800 
0.23 16.36 0.21 42.6 7.85 800 
0.23 16.36 0.21 42.5 7.85 800 
0.23 16.36 0.21 42.4 7.85 800 
0.23 16.36 0.21 42.4 7.85 800 
0.23 16.36 0.21 42.3 7.85 800 
0.23 16.37 0.21 42.3 7.85 800 
0.28 16.36 0.21 42.3 7.85 800 
0.28 16.36 0.21 42.3 7.85 800 
0 16.18 0.19 44.3 7.88 124.3 
0.19 16.18 0.19 44.2 7.88 155.2 
0.37 16.18 0.19 44 7.88 155.1 
0.47 16.18 0.19 43.6 7.88 155 
0.51 16.18 0.19 43.3 7.89 154.8 
0.56 16.18 0.19 43 7.89 154.5 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.6 16.18 0.19 42.8 7.89 153.6 
0.6 16.18 0.19 42.7 7.89 153.2 
0.6 16.18 0.19 42.6 7.88 152.8 
0.6 16.18 0.19 42.3 7.88 152.8 
0.6 16.18 0.19 42.2 7.88 152.7 
0.56 16.18 0.19 42.1 7.88 152.5 
0.56 16.18 0.19 41.9 7.88 151.7 
0.56 16.18 0.19 41.7 7.88 151.2 
0.56 16.18 0.19 41.5 7.88 150.1 
0.56 16.18 0.19 41.4 7.88 149.8 
0.56 16.18 0.19 41.3 7.88 149.5 
0.56 16.18 0.19 40.9 7.88 149.2 
0.56 16.18 0.19 40.6 7.88 148.9 
0.56 16.18 0.19 40.4 7.88 148.5 
0 15.66 0.19 45.8 7.99 109.6 
0 15.67 0.19 45.8 7.99 122.4 
0.51 15.68 0.19 38.1 8 124.4 
0.51 15.68 0.16 38 8 123.5 
0.51 15.68 0.19 37.8 8 122.5 
0.51 15.69 0.19 37.7 8 121.3 
0.51 15.69 0.19 37.7 8 120.1 
0.51 15.69 0.19 37.6 7.99 118.8 
0.51 15.69 0.19 37.6 7.99 117.5 
0.51 15.69 0.19 37.6 7.99 116.3 
0.51 15.69 0.19 37.6 7.99 114.8 
0.51 15.69 0.19 37.6 7.99 114.8 
0.51 15.69 0.19 37.7 7.99 112.7 
0.51 15.69 0.19 37.7 7.99 110.4 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.51 15.69 0.19 37.8 7.99 107.9 
0.51 15.69 0.19 37.9 7.99 105.5 
0.51 15.69 0.19 37.9 7.99 105.5 
0.51 15.69 0.19 38.1 7.99 103.4 
0.51 15.69 0.19 38.2 7.99 101.9 
0.51 15.69 0.19 38.3 7.99 100.9 
0.6 15.59 0.19 53.3 8 36.1 
0.6 15.6 0.19 51.6 7.99 32 
0.6 15.6 0.19 51.5 7.99 32 
0.6 15.61 0.19 51.4 7.99 32.1 
0.6 15.61 0.19 51.4 7.99 32.3 
0.6 15.61 0.19 51.4 7.99 32.3 
0.6 15.61 0.19 51.3 7.99 32 
0.6 15.61 0.19 51.3 7.99 32 
0.6 15.61 0.19 51.3 7.99 32 
0.6 15.61 0.19 51.3 7.99 32 
0.6 15.61 0.19 51.3 7.99 32 
0.6 15.61 0.19 51.3 7.99 32 
0.6 15.61 0.19 51.3 7.99 32 
0.6 15.61 0.19 51.3 7.99 32 
0.6 15.61 0.19 51.7 7.99 31.1 
0.6 15.61 0.19 51.7 7.99 31.1 
0.6 15.61 0.19 51.7 7.99 31.1 
0.6 15.61 0.19 51.7 7.99 31.1 
0.6 15.61 0.16 51.9 7.99 30.4 
0.6 15.61 0.19 52.1 7.99 28.5 
0 10.66 0.52 27.5 8.01 14.6 
0 10.67 0.48 27.6 8.01 15.6 
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0 10.67 0.52 27.6 8.01 19 
0 10.67 0.52 27.6 8.01 18.9 
0.09 10.67 0.48 27.5 8.01 18.9 
0.09 10.67 0.48 27.5 8.01 18.9 
0.09 10.68 0.52 27.5 8.01 18.9 
0.23 10.68 0.52 27.2 8.01 18.2 
0.23 10.68 0.48 27 8.01 17.4 
0.23 10.68 0.52 26.8 8.01 17.1 
0.23 10.68 0.52 26.7 8.01 16.8 
0.23 10.68 0.52 26.6 8.01 16.1 
0.23 10.68 0.48 26.4 8.01 16.3 
0.23 10.68 0.52 26.4 8.01 16.6 
0.23 10.68 0.48 26.3 8.01 17 
0.23 10.68 0.52 26.3 8.01 17.1 
0.23 10.68 0.52 26.3 8.01 17.3 
0.23 10.68 0.52 26.3 8.01 17.5 
0.23 10.68 0.48 26.3 8.01 17.6 
0.23 10.68 0.52 26.2 8.01 17.7 
0 14.25 1.01 34.5 7.94 1.9 
0.33 14.25 1.01 33.7 7.94 2 
0.51 14.25 1.01 32.5 7.94 2.6 
0.65 14.25 1.01 31.3 7.94 2.6 
0.79 14.26 1.01 30.1 7.94 2.7 
0.84 14.26 1.01 28.9 7.94 2.6 
0.88 14.26 1.01 27.9 7.94 2.6 
0.88 14.26 1.01 26.9 7.94 2.6 
0.88 14.27 1.01 26.2 7.94 2.6 
0.88 14.28 1.01 25.4 7.94 2.7 
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0.88 14.29 1.01 24.6 7.94 2.9 
0.88 14.29 1.01 23.9 7.94 2.9 
0.88 14.3 1.01 23.3 7.94 2.9 
0.88 14.3 1.01 22.8 7.94 2.9 
0.88 14.29 1.01 22.2 7.94 2.9 
0.88 14.3 1.01 21.7 7.94 2.7 
0.88 14.31 1.01 21.2 7.94 2.7 
0.88 14.31 1.01 20.8 7.94 2.7 
0.88 14.32 1.01 20.3 7.94 2.7 
0.84 14.32 1.01 19.9 7.94 2.7 
0 9.15 0.23 28.2 8.71 30.9 
0 9.15 0.23 29.5 8.72 30.6 
0.09 9.15 0.23 29.6 8.72 30.6 
0.28 9.15 0.23 29.5 8.72 30.5 
0.47 9.15 0.23 29.1 8.72 30.2 
0.51 9.14 0.23 29 8.72 30.2 
0.51 9.14 0.23 29 8.72 30.2 
0.56 9.14 0.23 28.9 8.73 30.1 
0.56 9.13 0.23 28.8 8.73 30.1 
0.56 9.13 0.23 28.7 8.73 30 
0.56 9.13 0.23 28.4 8.73 29.7 
0.6 9.13 0.23 28.2 8.73 29.3 
0.6 9.13 0.23 28.2 8.73 29 
0.6 9.13 0.23 28.1 8.73 28.9 
0.6 9.12 0.23 28 8.73 28.9 
0.6 9.12 0.23 27.9 8.73 28.8 
0.6 9.12 0.23 27.7 8.73 28.8 
0.6 9.12 0.23 27.6 8.73 28.7 
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0.6 9.12 0.23 27.5 8.73 28.7 
0.6 9.12 0.23 27.4 8.73 28.6 
0.51 9.6 0.26 41.4 8.71 67.8 
0.6 9.61 0.26 40.4 8.71 66.6 
0.65 9.61 0.26 39.3 8.71 65.5 
0.65 9.61 0.26 39.3 8.71 65.5 
0.7 9.62 0.26 37.9 8.71 64 
0.7 9.62 0.26 37.1 8.71 62.5 
0.7 9.62 0.26 36.4 8.71 60.9 
0.7 9.63 0.26 35.7 8.71 59.3 
0.7 9.63 0.26 35.1 8.71 57.5 
0.7 9.63 0.26 34.7 8.71 55.9 
0.7 9.63 0.26 34.1 8.71 54.3 
0.7 9.63 0.26 33.6 8.71 52.8 
0.7 9.63 0.26 33.3 8.71 51.3 
0.7 9.63 0.26 32.7 8.71 49.9 
0.7 9.63 0.26 32.4 8.71 48.5 
0.7 9.63 0.26 32 8.71 47.3 
0.7 9.63 0.26 32 8.71 47.3 
0.7 9.64 0.26 31.4 8.71 46.1 
0.7 9.64 0.26 31.2 8.71 45.1 
0.7 9.64 0.26 30.8 8.71 44.4 
1.53 13.38 0.83 43.9 8.53 10.3 
1.77 13.38 0.83 39.6 8.53 9 
1.86 13.38 0.83 36.6 8.53 4.2 
1.91 13.39 0.83 34.5 8.53 4.3 
1.91 13.39 0.83 31.8 8.53 5.9 
1.95 13.4 0.83 29.2 8.53 21.4 
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1.95 13.4 0.83 28.2 8.53 20.9 
1.91 13.4 0.83 26.9 8.53 13.3 
1.91 13.4 0.83 26.2 8.53 8.9 
1.91 13.4 0.83 25.2 8.53 4.1 
1.91 13.41 0.83 24.1 8.53 4.1 
1.91 13.41 0.83 24.1 8.53 4.1 
1.91 13.41 0.83 24.1 8.53 4.1 
1.91 13.41 0.83 24.1 8.53 4.1 
1.91 13.41 0.83 24.1 8.53 4.1 
1.91 13.41 0.83 24.1 8.53 4.1 
1.91 13.41 0.83 24.1 8.53 4.1 
1.91 13.41 0.83 24.1 8.53 4.1 
1.91 13.41 0.83 24.1 8.53 4.1 
1.91 13.41 0.83 24.1 8.53 4.1 
0 12.11 0.56 27 8.54 23 
0 12.11 0.56 27 8.54 23 
0 12.11 0.56 27 8.54 23 
0 12.11 0.56 27 8.54 23 
0 12.11 0.56 27 8.54 23 
0 12.11 0.56 27 8.54 23 
0 12.11 0.56 27 8.54 23 
0.47 12.12 0.56 24.7 8.55 22 
0.47 12.12 0.56 24.7 8.55 22 
0.47 12.12 0.56 24.7 8.55 22 
0.47 12.12 0.56 23.7 8.55 24 
0.47 12.12 0.56 23.7 8.55 24 
0.47 12.12 0.56 23.7 8.55 24 
0.47 12.12 0.56 23.7 8.55 24 
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0.47 12.12 0.56 23.7 8.55 24 
0.47 12.12 0.56 23.7 8.55 24 
0.47 12.12 0.56 22.8 8.55 24.9 
0.47 12.12 0.56 22.6 8.55 25.3 
0.47 12.12 0.56 22.6 8.55 25.3 
0.47 12.12 0.56 22.6 8.55 25.3 
0 9.84 0.32 93.6 8.7 219.7 
0.19 9.8 0.32 94.1 8.7 274 
0.33 9.78 0.32 93.2 8.7 273.1 
0.42 9.77 0.32 92.2 8.71 272.3 
0.47 9.74 0.32 91.5 8.71 271.7 
0.47 9.73 0.32 90.8 8.71 271.3 
0.51 9.72 0.32 90 8.71 271.7 
0.51 9.71 0.32 89.8 8.71 271.8 
0.51 9.7 0.32 89.3 8.71 271.9 
0.56 9.7 0.32 89.3 8.72 272 
0.56 9.68 0.32 89.5 8.72 272.6 
0.56 9.66 0.32 89.5 8.72 272.6 
0.56 9.66 0.32 89.3 8.72 272.5 
0.56 9.65 0.32 89.3 8.72 272.5 
0.56 9.64 0.32 89.2 8.72 272.4 
0.56 9.63 0.33 89.2 8.72 272.4 
0.56 9.63 0.33 89.1 8.72 272.3 
0.6 9.63 0.33 89.2 8.72 272.3 
0.6 9.63 0.33 89.2 8.72 272.4 
0.6 9.62 0.33 89.2 8.72 272.5 
0.23 9.75 0.32 59.8 8.73 140.7 
0.37 9.73 0.32 60 8.73 140.3 
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0.37 9.73 0.32 60 8.73 140.3 
0.37 9.73 0.32 60 8.73 140.3 
0.51 9.71 0.32 59.8 8.73 139.8 
0.51 9.71 0.32 59.8 8.73 139.8 
0.51 9.71 0.32 59.8 8.73 139.8 
0.51 9.71 0.32 59.8 8.73 139.8 
0.51 9.71 0.32 59.8 8.73 139.8 
0.51 9.71 0.32 59.8 8.73 139.8 
0.51 9.71 0.32 59.8 8.73 139.8 
0.51 9.71 0.32 59.8 8.73 139.8 
0.51 9.71 0.32 59.8 8.73 139.8 
0.51 9.71 0.32 59.8 8.73 139.8 
0.51 9.71 0.32 59.8 8.73 139.8 
0.51 9.71 0.32 59.8 8.73 139.8 
0.51 9.71 0.32 59.8 8.73 139.8 
0.51 9.71 0.32 59.8 8.73 139.8 
0.51 9.71 0.32 59.8 8.73 139.8 
0.51 9.65 0.32 58.2 8.74 137.9 
0 10.33 0.32 72.9 8.25 107.8 
0.05 10.33 0.32 73.5 8.26 140 
0.09 10.32 0.32 73.4 8.27 139.6 
0.14 10.32 0.32 73 8.27 137.7 
0.19 10.32 0.32 72.7 8.27 136.3 
0.23 10.32 0.32 72.6 8.27 134.8 
0.23 10.32 0.32 72.6 8.27 134.8 
0.23 10.32 0.32 72.6 8.27 134.8 
0.23 10.32 0.32 72.1 8.28 131.3 
0.23 10.32 0.32 72.1 8.28 131.3 
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0.23 10.32 0.32 72.1 8.28 131.3 
0.23 10.32 0.32 72.1 8.28 131.3 
0.23 10.32 0.32 72.1 8.28 131.3 
0.23 10.32 0.32 72.1 8.28 131.3 
0.23 10.33 0.32 72.1 8.28 131.3 
0.23 10.33 0.32 72.1 8.28 131.3 
0.23 10.33 0.32 72.1 8.28 131.3 
0.23 10.33 0.32 72.1 8.28 131.3 
0.23 10.33 0.32 72.1 8.28 131.3 
0.23 10.33 0.32 72.1 8.28 131.3 
0.23 10.33 0.32 72.1 8.28 131.3 
0.23 10.33 0.32 72.1 8.28 131.3 
0.23 10.33 0.32 72.1 8.28 131.3 
0.23 10.33 0.32 72.1 8.28 131.3 
0.23 10.33 0.32 72.1 8.28 131.3 
0.23 10.33 0.32 72.1 8.28 131.3 
0.23 10.33 0.32 72.1 8.28 131.3 
0.23 10.33 0.32 72.1 8.28 131.3 
0.23 10.33 0.32 72.1 8.28 131.3 
0.23 10.38 0.32 72.1 8.28 131.3 
0.23 10.38 0.32 72.1 8.28 131.3 
0.23 10.38 0.32 72.1 8.28 131.3 
0.23 10.38 0.32 72.1 8.28 131.3 
0.23 10.38 0.32 72.1 8.28 131.3 
0.23 10.38 0.32 72.1 8.28 131.3 
0.23 10.38 0.32 72.1 8.28 131.3 
0.23 10.38 0.32 72.1 8.28 131.3 
0.23 10.38 0.32 72.1 8.28 131.3 
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0.23 10.38 0.32 72.1 8.28 131.3 
0.28 10.34 0.32 68.1 8.29 114.8 
0 11.54 0.41 82.1 8.5 169.8 
0.33 11.62 0.4 79.1 8.5 187.1 
0.33 11.62 0.4 78.8 8.5 185 
0.33 11.62 0.4 78.8 8.5 185 
0.33 11.62 0.4 78.8 8.5 185 
0.33 11.62 0.4 78.8 8.5 185 
0.33 11.62 0.4 78.8 8.5 185 
0.33 11.62 0.4 78.8 8.5 185 
0.33 11.62 0.4 78.8 8.5 185 
0.33 11.62 0.4 78.8 8.5 185 
0.33 11.62 0.4 78.8 8.5 185 
0.33 11.62 0.4 78.8 8.5 185 
0.33 11.62 0.4 78.8 8.5 185 
0.33 11.62 0.4 78.8 8.5 185 
0.33 11.62 0.4 78.8 8.5 185 
0.33 11.62 0.4 78.8 8.5 185 
0.33 11.62 0.4 78.8 8.5 185 
0.33 11.62 0.4 78.8 8.5 185 
0.33 11.62 0.4 78.8 8.5 185 
0.37 11.61 0.4 76.7 8.5 184 
0 11.27 0.41 82.5 8.52 105.1 
0 11.28 0.41 82.5 8.52 105.1 
0 11.28 0.41 82.5 8.52 105.1 
0 11.28 0.41 82.5 8.52 105.1 
0 11.28 0.41 82.5 8.52 105.1 
0.19 11.36 0.41 83.8 8.53 122.9 
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0.19 11.36 0.41 83.8 8.53 122.9 
0.19 11.36 0.41 83.8 8.53 122.9 
0.19 11.36 0.41 83.8 8.53 122.9 
0.19 11.36 0.41 83.8 8.53 122.9 
0.19 11.36 0.41 83.8 8.53 122.9 
0.19 11.36 0.41 83.8 8.53 122.9 
0.19 11.36 0.41 83.8 8.53 122.9 
0.19 11.36 0.41 83.8 8.53 122.9 
0.19 11.36 0.41 83.8 8.53 122.9 
0.19 11.36 0.41 83.8 8.53 122.9 
0.19 11.36 0.41 83.8 8.53 122.9 
0.19 11.36 0.41 83.8 8.53 122.9 
0.19 11.36 0.41 83.8 8.53 122.9 
0.28 11.25 0.41 83.3 8.53 150.5 
0 13.21 0.39 103.4 8.36 75.3 
0.65 13.31 0.39 110.2 8.37 61.2 
0.65 13.31 0.39 110.2 8.37 61.2 
0.65 13.31 0.39 110.2 8.37 61.2 
0.65 13.31 0.39 110.2 8.37 61.2 
0.65 13.31 0.39 110.2 8.37 61.2 
0.65 13.31 0.39 110.2 8.37 61.2 
0.65 13.31 0.39 110.2 8.37 61.2 
0.65 13.31 0.39 110.2 8.37 61.2 
0.65 13.31 0.39 110.2 8.37 61.2 
0.65 13.31 0.39 110.2 8.37 61.2 
0.65 13.31 0.39 110.2 8.37 61.2 
0.65 13.31 0.39 110.2 8.37 61.2 
0.65 13.31 0.39 110.2 8.37 61.2 
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0.65 13.31 0.39 110.2 8.37 61.2 
0.65 13.31 0.39 110.2 8.37 61.2 
0.65 13.31 0.39 110.2 8.37 61.2 
0.65 13.31 0.39 110.2 8.37 61.2 
0.65 13.31 0.39 110.2 8.37 61.2 
0.65 13.31 0.39 110.2 8.37 61.2 
0 12.94 0.39 86.4 8.4 90.8 
0 12.94 0.39 86.4 8.4 90.8 
0 12.94 0.39 88 8.41 101.2 
0 12.94 0.39 88 8.41 101.2 
0 12.94 0.39 88 8.41 101.2 
0 12.94 0.39 88 8.41 101.2 
0 12.94 0.39 88 8.41 101.2 
0 12.94 0.39 88 8.41 101.2 
0 12.94 0.39 88 8.41 101.2 
0 12.94 0.39 88 8.41 101.2 
0 12.94 0.39 88 8.41 101.2 
0 12.94 0.39 88 8.41 101.2 
0 12.94 0.39 88 8.41 101.2 
0 12.94 0.39 88 8.41 101.2 
0 12.94 0.39 88 8.41 101.2 
0 12.94 0.39 88 8.41 101.2 
0 12.94 0.39 88 8.41 101.2 
0 12.94 0.39 88 8.41 101.2 
0 12.94 0.39 88 8.41 101.2 
0 12.94 0.39 88 8.41 101.2 
0 12.41 0.24 64.7 7.7 533.3 
0 12.41 0.24 64.7 7.7 533.3 
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0 12.41 0.24 64.7 7.7 533.3 
0 12.41 0.24 64.7 7.7 533.3 
0 12.41 0.24 64.7 7.7 533.3 
0 12.41 0.24 64.7 7.7 533.3 
0 12.41 0.24 64.7 7.7 533.3 
0 12.41 0.24 64.7 7.7 533.3 
0 12.41 0.24 64.7 7.7 533.3 
0 12.41 0.24 64.7 7.7 533.3 
0 12.41 0.24 64.7 7.7 533.3 
0 12.41 0.24 64.7 7.7 533.3 
0 12.41 0.24 64.7 7.7 533.3 
0 12.41 0.24 64.7 7.7 533.3 
0 12.41 0.24 64.7 7.7 533.3 
0 12.41 0.24 64.7 7.7 533.3 
0 12.41 0.24 64.7 7.7 533.3 
0 12.41 0.24 64.7 7.7 533.3 
0 12.41 0.24 64.7 7.7 533.3 
0 12.41 0.24 64.7 7.7 533.3 
0 15.35 0.37 29 7.63 514.3 
0 15.35 0.37 29 7.63 514.3 
0 15.35 0.37 29 7.63 514.3 
0 15.35 0.37 29 7.63 514.3 
0 15.35 0.37 29 7.63 514.3 
0 15.35 0.37 29 7.63 514.3 
0 15.35 0.37 29 7.63 514.3 
0 15.35 0.37 29 7.63 514.3 
0 15.35 0.37 29 7.63 514.3 
0 15.35 0.37 29 7.63 514.3 
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0 15.35 0.37 29 7.63 514.3 
0 15.35 0.37 29 7.63 514.3 
0 15.35 0.37 29 7.63 514.3 
0 15.35 0.37 29 7.63 514.3 
0 15.35 0.37 29 7.63 514.3 
0 15.35 0.37 29 7.63 514.3 
0 15.35 0.37 29 7.63 514.3 
0 15.35 0.37 29 7.63 514.3 
0 15.35 0.37 29 7.63 514.3 
0 15.38 0.37 29 7.63 514.3 
0 16.49 0.38 25.1 7.89 13 
0 16.44 0.38 23.4 7.9 17.2 
0 16.44 0.38 23.4 7.9 17.2 
0 16.44 0.38 23.4 7.9 17.2 
0 16.44 0.38 23.4 7.9 17.2 
0 16.44 0.38 23.4 7.9 17.2 
0 16.44 0.38 23.4 7.9 17.2 
0 16.44 0.38 23.4 7.9 17.2 
0 16.37 0.41 22.3 7.9 20.6 
0 16.37 0.41 22.3 7.9 20.6 
0 16.37 0.41 22.3 7.9 20.6 
0 16.37 0.41 22.3 7.9 20.6 
0 16.37 0.41 22.3 7.9 20.6 
0 16.37 0.41 22.3 7.9 20.6 
0 16.37 0.41 22.3 7.9 20.6 
0 16.37 0.41 22.3 7.9 20.6 
0 16.37 0.41 22.3 7.9 20.6 
0 16.37 0.41 22.3 7.9 20.6 
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0 16.37 0.41 22.3 7.9 20.6 
0 16.33 0.42 22.3 7.9 20.6 
0 16.18 0.53 24.6 7.91 15.9 
0 16.18 0.53 24.6 7.91 15.9 
0 16.18 0.53 24.6 7.91 15.9 
0 16.18 0.53 24.6 7.91 15.9 
0 16.18 0.53 24.6 7.91 15.9 
0 16.18 0.53 24.6 7.91 15.9 
0 16.18 0.53 24.6 7.91 15.9 
0 16.18 0.53 24.6 7.91 15.9 
0 16.18 0.53 24.6 7.91 15.9 
0 16.18 0.53 24.6 7.91 15.9 
0 16.18 0.53 24.6 7.91 15.9 
0 16.18 0.53 24.6 7.91 15.9 
0 16.18 0.53 24.6 7.91 15.9 
0 16.18 0.53 24.6 7.91 15.9 
0 16.18 0.53 24.6 7.91 15.9 
0 16.18 0.53 24.6 7.91 15.9 
0 16.18 0.53 24.6 7.91 15.9 
0 16.18 0.53 24.6 7.91 15.9 
0 16.18 0.53 24.6 7.91 15.9 
0.65 16.18 0.53 18.6 7.91 17 
0 18.89 0.36 64.4 7.95 66 
0 18.72 0.36 61.6 7.96 106 
0 18.72 0.36 61.6 7.96 106 
0 18.72 0.36 61.6 7.96 106 
0 18.72 0.36 61.6 7.96 106 
0 18.72 0.36 61.6 7.96 106 
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0 18.72 0.36 61.6 7.96 106 
0 18.72 0.36 61.6 7.96 106 
0 18.72 0.36 61.6 7.96 106 
0 18.72 0.36 61.6 7.96 106 
0 18.72 0.36 61.6 7.96 106 
0 18.72 0.36 61.6 7.96 106 
0 18.72 0.36 61.6 7.96 106 
0 18.72 0.36 61.6 7.96 106 
0 18.72 0.36 61.6 7.96 106 
0 18.72 0.36 61.6 7.96 106 
0 18.72 0.36 61.6 7.96 106 
0 18.72 0.36 61.6 7.96 106 
0 18.72 0.36 61.6 7.96 106 
0 18.72 0.36 61.6 7.96 106 
0 18.71 0.36 57.2 7.94 110.7 
0 18.71 0.36 57.2 7.94 110.7 
0 18.71 0.36 57.2 7.94 110.7 
0 18.71 0.36 57.2 7.94 110.7 
0 18.71 0.36 57.2 7.94 110.7 
0 18.71 0.36 57.2 7.94 110.7 
0 18.71 0.36 57.2 7.94 110.7 
0 18.71 0.36 57.2 7.94 110.7 
0 18.71 0.36 57.2 7.94 110.7 
0 18.71 0.36 57.2 7.94 110.7 
0 18.71 0.36 57.2 7.94 110.7 
0 18.71 0.36 57.2 7.94 110.7 
0 18.71 0.36 57.2 7.94 110.7 
0 18.71 0.36 57.2 7.94 110.7 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 18.71 0.36 57.2 7.94 110.7 
0 18.71 0.36 57.2 7.94 110.7 
0 18.71 0.36 57.2 7.94 110.7 
0 18.71 0.36 57.2 7.94 110.7 
0 18.71 0.36 57.2 7.94 110.7 
0 18.71 0.36 57.2 7.94 110.7 
0 19.86 0.35 53.6 7.23 7.8 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 52.7 7.24 10.7 
0 19.88 0.35 49.9 7.25 11.2 
0 19.88 0.35 49.9 7.25 11.2 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 19.88 0.35 49.9 7.25 11.2 
0 19.88 0.35 49.9 7.25 11.2 
0 19.88 0.35 49.9 7.25 11.2 
0 19.88 0.35 49.9 7.25 11.2 
0 19.88 0.35 49.9 7.25 11.2 
0 19.88 0.35 49.9 7.25 11.2 
0 19.88 0.35 49.9 7.25 11.2 
0 19.88 0.35 49.9 7.25 11.2 
0 19.88 0.35 49.9 7.25 11.2 
0 19.68 0.35 45.9 7.22 18.3 
0 19.68 0.35 45.9 7.22 18.3 
0 19.68 0.35 45.9 7.22 18.3 
0 19.68 0.35 45.9 7.22 18.3 
0 19.68 0.35 45.9 7.22 18.3 
0 19.68 0.35 45.9 7.22 18.3 
0 19.68 0.35 45.9 7.22 18.3 
0 19.68 0.35 45.9 7.22 18.3 
0 19.68 0.35 45.9 7.22 18.3 
0 20.18 0.27 39.1 7.23 214.6 
0 20.18 0.27 39.1 7.23 214.6 
0 20.18 0.27 39.9 7.23 320.9 
0 20.18 0.27 39.9 7.23 320.9 
0 20.18 0.27 39.9 7.23 320.9 
0 20.18 0.27 39.9 7.23 320.9 
0 20.18 0.27 39.9 7.23 320.9 
0 20.18 0.27 39.9 7.23 320.9 
0 20.18 0.27 39.9 7.23 320.9 
0 20.18 0.27 39.9 7.23 320.9 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 20.18 0.27 39.9 7.23 320.9 
0 20.18 0.27 39.9 7.23 320.9 
0 20.18 0.27 39.9 7.23 320.9 
0 20.18 0.27 39.9 7.23 320.9 
0 20.18 0.27 39.9 7.23 320.9 
0 20.18 0.27 39.9 7.23 320.9 
0 20.18 0.27 39.9 7.23 320.9 
0 20.18 0.27 39.9 7.23 320.9 
0 20.18 0.27 39.9 7.23 320.9 
0 20.19 0.27 39.1 7.23 307 
0 20.38 0.3 61.1 7.23 38.6 
0 20.38 0.3 61.1 7.23 38.6 
0 20.38 0.3 61.1 7.23 38.6 
0 20.38 0.3 61.1 7.23 38.6 
0 20.38 0.3 61.1 7.23 38.6 
0 20.38 0.3 61.1 7.23 38.6 
0 20.38 0.3 61.1 7.23 38.6 
0 20.38 0.3 61.1 7.23 38.6 
0 20.38 0.3 61.1 7.23 38.6 
0 20.38 0.3 61.1 7.23 38.6 
0 20.38 0.3 61.1 7.23 38.6 
0 20.38 0.3 61.1 7.23 38.6 
0 20.38 0.3 61.1 7.23 38.6 
0 20.27 0.3 60 7.24 43.3 
0 20.27 0.3 60 7.24 43.3 
0 20.27 0.3 60 7.24 43.3 
0 20.27 0.3 60 7.24 43.3 
0 20.27 0.3 60 7.24 43.3 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 20.27 0.3 60 7.24 43.3 
0 20.29 0.27 60 7.24 43.3 
0 26.79 0.42 72.1 7.72 295 
0 26.79 0.42 72.1 7.72 295 
0 26.79 0.42 72.1 7.72 295 
0 26.79 0.42 72.1 7.72 295 
0 26.79 0.42 72.1 7.72 295 
0 26.78 0.42 72.1 7.72 295 
0 26.78 0.42 72.1 7.72 295 
0 26.78 0.42 72.1 7.72 295 
0 26.78 0.42 72.1 7.72 295 
0 26.78 0.42 72.1 7.72 295 
0 26.78 0.42 72.1 7.72 295 
0 26.78 0.42 72.1 7.72 295 
0 26.78 0.42 72.1 7.72 295 
0 26.78 0.42 72.1 7.72 295 
0 26.78 0.42 72.1 7.72 295 
0 26.78 0.42 72.1 7.72 295 
0 26.78 0.42 72.1 7.72 295 
0 26.78 0.42 72.1 7.72 295 
0 26.78 0.42 72.1 7.72 295 
0 26.78 0.42 72.1 7.72 295 
0 27.74 0.45 80.2 7.71 9.5 
0 27.74 0.45 80.2 7.71 9.5 
0 27.74 0.45 80.2 7.71 9.5 
0 27.74 0.45 80.2 7.71 9.5 
0 27.74 0.45 80.2 7.71 9.5 
0 27.74 0.45 80.2 7.71 9.5 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 27.74 0.45 80.2 7.71 9.5 
0 27.74 0.45 80.2 7.71 9.5 
0 27.74 0.45 80.2 7.71 9.5 
0 27.74 0.45 80.2 7.71 9.5 
0 27.74 0.45 80.2 7.71 9.5 
0 27.74 0.45 80.2 7.71 9.5 
0 27.74 0.45 80.2 7.71 9.5 
0 27.74 0.45 80.2 7.71 9.5 
0 27.74 0.45 80.2 7.71 9.5 
0 27.74 0.45 80.2 7.71 9.5 
0 27.74 0.45 80.2 7.71 9.5 
0 27.74 0.45 80.2 7.71 9.5 
0 27.74 0.45 80.2 7.71 9.5 
0 27.74 0.45 80.2 7.71 9.5 
0 27.03 0.39 22.3 6.96 307.9 
0 27.03 0.39 22.3 6.96 307.9 
0 27.03 0.39 22.3 6.96 307.9 
0 27.03 0.39 22.3 6.96 307.9 
0 27.03 0.39 22.3 6.96 307.9 
0 27.03 0.39 22.3 6.96 307.9 
0 27.03 0.39 22.3 6.96 307.9 
0 27.03 0.39 22.3 6.96 307.9 
0 27.03 0.39 22.3 6.96 307.9 
0 27.03 0.39 22.3 6.96 307.9 
0 27.03 0.39 22.3 6.96 307.9 
0 27.03 0.39 22.3 6.96 307.9 
0 27.03 0.39 22.3 6.96 307.9 
0 27.03 0.39 22.3 6.96 307.9 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 27.03 0.39 22.3 6.96 307.9 
0 27.03 0.39 22.3 6.96 307.9 
0 27.03 0.39 22.3 6.96 307.9 
0 27.03 0.39 22.3 6.96 307.9 
0 27.03 0.39 22.3 6.96 307.9 
0 27.03 0.39 22.3 6.96 307.9 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 26.64 0.42 20.8 7.04 10.5 
0 20.01 0.22 16.2 8.08 567.3 
0 20.02 0.22 15.5 8.09 748.2 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 20.02 0.22 15.5 8.09 748.2 
0 20.02 0.22 15.5 8.09 748.2 
0 20.02 0.22 15.5 8.09 748.2 
0 20.03 0.22 15.5 8.09 748.2 
0 20.03 0.22 15.5 8.09 748.2 
0 20.03 0.22 15.5 8.09 748.2 
0 20.03 0.22 15.5 8.09 748.2 
0 20.03 0.22 15.5 8.09 748.2 
0 20.03 0.22 15.5 8.09 748.2 
0 20.03 0.22 15.5 8.09 748.2 
0 20.03 0.22 15.5 8.09 748.2 
0 20.03 0.22 15.5 8.09 748.2 
0 20.03 0.22 15.5 8.09 748.2 
0 20.03 0.22 15.5 8.09 748.2 
0 20.03 0.22 15.5 8.09 748.2 
0 20.03 0.22 15.5 8.09 748.2 
0 20.03 0.22 15.5 8.09 748.2 
0 20.03 0.22 15.5 8.09 748.2 
0 23.61 0.27 48.5 8.08 111.3 
0 23.65 0.27 48.9 8.09 167.5 
0 23.65 0.27 48.9 8.09 167.5 
0 23.65 0.27 48.9 8.09 167.5 
0 23.65 0.27 48.9 8.09 167.5 
0 23.65 0.27 48.9 8.09 167.5 
0 23.65 0.27 48.9 8.09 167.5 
0 23.65 0.27 48.9 8.09 167.5 
0 23.65 0.27 48.9 8.09 167.5 
0 23.65 0.27 48.9 8.09 167.5 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 23.65 0.27 48.9 8.09 167.5 
0 23.65 0.27 48.9 8.09 167.5 
0 23.65 0.27 48.9 8.09 167.5 
0 23.65 0.27 48.9 8.09 167.5 
0 23.65 0.27 48.9 8.09 167.5 
0 23.65 0.27 48.9 8.09 167.5 
0 23.65 0.27 48.9 8.09 167.5 
0 23.65 0.27 48.9 8.09 167.5 
0 23.65 0.27 48.9 8.09 167.5 
0 23.65 0.27 48.9 8.09 167.5 
0 23.59 0.23 59.2 8.11 109.8 
0 23.59 0.23 59.2 8.11 109.8 
0 23.59 0.23 59.2 8.11 109.8 
0 23.59 0.23 59.2 8.11 109.8 
0 23.59 0.23 59.2 8.11 109.8 
0 23.59 0.23 59.2 8.11 109.8 
0 23.59 0.23 59.2 8.11 109.8 
0 23.59 0.23 59.2 8.11 109.8 
0 23.59 0.23 59.2 8.11 109.8 
0 23.59 0.23 59.2 8.11 109.8 
0 23.59 0.23 59.2 8.11 109.8 
0 23.59 0.23 59.2 8.11 109.8 
0 23.59 0.23 59.2 8.11 109.8 
0 23.59 0.23 59.2 8.11 109.8 
0 23.59 0.23 59.2 8.11 109.8 
0 23.59 0.23 59.2 8.11 109.8 
0 23.59 0.23 59.2 8.11 109.8 
0 23.59 0.23 59.2 8.11 109.8 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 23.59 0.23 59.2 8.11 109.8 
0 23.59 0.23 59.2 8.11 109.8 
0 24.69 0.24 32.7 7.43 -0.2 
0 24.69 0.24 32.7 7.43 -0.2 
0 24.69 0.24 32.7 7.43 -0.2 
0 24.69 0.24 32.7 7.43 -0.2 
0 24.69 0.24 32.7 7.43 -0.2 
0 24.69 0.24 32.7 7.43 -0.2 
0 24.69 0.24 32.7 7.43 -0.2 
0 24.69 0.24 32.7 7.43 -0.2 
0 24.69 0.24 32.7 7.43 -0.2 
0 24.69 0.24 32.7 7.43 -0.2 
0 24.69 0.24 32.7 7.43 -0.2 
0 24.69 0.24 32.7 7.43 -0.2 
0 24.69 0.24 32.7 7.43 -0.2 
0 24.69 0.24 32.7 7.43 -0.2 
0 24.69 0.24 32.7 7.43 -0.2 
0 24.69 0.24 32.7 7.43 -0.2 
0 24.69 0.24 32.7 7.43 -0.2 
0 24.69 0.24 32.7 7.43 -0.2 
0 24.69 0.24 32.7 7.43 -0.2 
0 23.93 0.2 19.5 7.46 -0.2 
0 23.73 0.15 48.1 10.94 118.3 
0 23.73 0.15 48.1 10.94 118.3 
0 23.73 0.15 48.1 10.94 118.3 
0 23.73 0.15 48.1 10.94 118.3 
0 23.73 0.15 48.1 10.94 118.3 
0 23.73 0.15 48.1 10.94 118.3 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 23.73 0.15 48.1 10.94 118.3 
0 23.73 0.15 48.1 10.94 118.3 
0 23.73 0.15 48.1 10.94 118.3 
0 23.73 0.15 48.1 10.94 118.3 
0 23.73 0.15 48.1 10.94 118.3 
0 23.73 0.15 48.1 10.94 118.3 
0 23.73 0.15 48.1 10.94 118.3 
0 23.73 0.15 48.1 10.94 118.3 
0 23.73 0.15 48.1 10.94 118.3 
0 23.73 0.15 48.1 10.94 118.3 
0 23.73 0.15 48.1 10.94 118.3 
0 23.73 0.15 48.1 10.94 118.3 
0 23.73 0.15 48.1 10.94 118.3 
0 23.73 0.15 48.1 10.94 118.3 
0 29.25 0.2 80 7.07 342.4 
0 29.24 0.2 79.8 7.07 343.5 
0 29.22 0.2 78.2 7.08 339.8 
0 29.22 0.2 78.2 7.08 339.8 
0 29.22 0.2 78.2 7.08 339.8 
0 29.22 0.2 78.2 7.08 339.8 
0 29.22 0.2 78.2 7.08 339.8 
0 29.22 0.2 78.2 7.08 339.8 
0 29.22 0.2 78.2 7.08 339.8 
0 29.22 0.2 78.2 7.08 339.8 
0 29.22 0.2 78.2 7.08 339.8 
0 29.22 0.2 78.2 7.08 339.8 
0 29.22 0.2 78.2 7.08 339.8 
0 29.22 0.2 78.2 7.08 339.8 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 29.22 0.2 78.2 7.08 339.8 
0 29.22 0.2 78.2 7.08 339.8 
0 29.22 0.2 78.2 7.08 339.8 
0 29.22 0.2 78.2 7.08 339.8 
0 29.22 0.2 78.2 7.08 339.8 
0 29.22 0.2 78.2 7.08 339.8 
0 29.27 0.2 78.2 7.08 339.8 
0 32.75 0.18 87 7.07 310 
0 32.75 0.18 87 7.07 310 
0 32.75 0.18 87 7.07 310 
0 32.75 0.18 87 7.07 310 
0 32.75 0.18 87 7.07 310 
0 32.75 0.18 87 7.07 310 
0 32.75 0.18 87 7.07 310 
0 32.75 0.18 87 7.07 310 
0 32.75 0.18 87 7.07 310 
0 32.75 0.18 87 7.07 310 
0 32.75 0.18 87 7.07 310 
0 32.75 0.18 87 7.07 310 
0 32.75 0.18 87 7.07 310 
0 32.75 0.18 87 7.07 310 
0 32.75 0.18 87 7.07 310 
0 32.75 0.18 87 7.07 310 
0 32.75 0.18 87 7.07 310 
0 32.75 0.18 87 7.07 310 
0 32.75 0.18 87 7.07 310 
0 32.84 0.18 87 7.07 310 
0 32.84 0.18 87 7.07 310 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 24.28 0.17 41.4 7.61 52.5 
0 24.28 0.17 40.1 7.62 55 
0 24.28 0.17 39.9 7.62 54.3 
0 24.28 0.17 39.6 7.62 53.8 
0 24.28 0.17 39.1 7.62 51.3 
0 24.27 0.17 35.7 7.61 54.4 
0 24.27 0.17 35.7 7.61 54.4 
0 24.27 0.17 35.7 7.61 54.4 
0 24.27 0.17 35.7 7.61 54.4 
0 24.27 0.17 35.7 7.61 54.4 
0 24.27 0.17 35.7 7.61 54.4 
0 24.27 0.17 35.7 7.61 54.4 
0 24.27 0.17 35.7 7.61 54.4 
0 24.27 0.17 35.7 7.61 54.4 
0 24.27 0.17 35.7 7.61 54.4 
0 24.27 0.17 35.7 7.61 54.4 
0 24.28 0.17 33.9 7.61 54.8 
0 24.28 0.17 33.9 7.61 54.8 
0 24.28 0.17 33.9 7.61 54.8 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
0 24.58 0.17 54.2 7.64 615 
0 23.34 0.17 54.2 7.64 615 
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Natural wetlands 
Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 23.37 0.15 38.9 6.66 71 
0 23.37 0.15 35.7 6.65 66.2 
0 23.38 0.15 32.6 6.64 62.3 
0 23.37 0.15 31.1 6.63 59.5 
0 23.36 0.15 30.3 6.62 62.2 
0 23.34 0.15 32.1 6.61 60.7 
0 23.31 0.15 33.7 6.61 58.5 
0 23.35 0.15 34.7 6.6 58.1 
0 23.35 0.15 35.3 6.6 57 
0 23.36 0.18 28.9 6.49 205.5 
0 23.35 0.18 22.8 6.48 196 
0 23.34 0.18 21.5 6.48 189.8 
0 23.33 0.18 20.6 6.47 182.2 
0 23.32 0.18 19.9 6.47 175.4 
0 23.32 0.18 19.5 6.47 171.3 
0 23.32 0.18 19 6.47 161 
0 23.33 0.18 18.8 6.46 155.5 
0 23.23 0.18 18.7 6.46 149.6 
0 23.25 0.18 18.4 6.46 145.8 
0 23.25 0.18 32.9 6.51 240.9 
0 23.27 0.18 29.2 6.5 227.8 
0 23.28 0.18 26.5 6.49 214.4 
0 23.28 0.18 23.3 6.49 201.5 
0 23.28 0.18 21.6 6.48 204.6 
0.05 23.28 0.18 20.6 6.48 203.3 
0.05 23.28 0.18 19.7 6.48 192.1 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.05 23.29 0.18 19.2 6.48 183.2 
0.05 23.3 0.18 18.6 6.47 181.2 
0.05 23.31 0.18 18.3 6.47 183.1 
0 23.31 0.18 35.3 6.59 141.4 
0 23.31 0.18 31.5 6.58 130.8 
0 23.31 0.18 28.5 6.57 123.9 
0 23.31 0.18 27 6.57 121.2 
0 23.32 0.18 25.2 6.57 117.1 
0.05 23.32 0.18 23.6 6.56 111.3 
0.05 23.33 0.18 21.9 6.55 103.5 
0.05 23.34 0.18 21.4 6.55 98.5 
0.05 25.6 0.18 23.3 6.54 92.5 
0.05 25.61 0.18 24.4 6.53 93.5 
0 25.62 0.04 50.1 6.94 11.9 
0.23 25.63 0.04 45.1 6.9 15.7 
0.42 25.63 0.04 41.4 6.87 16.3 
0.51 25.63 0.04 38.2 6.84 16.8 
0.56 25.63 0.04 35.1 6.82 17.2 
0.6 25.63 0.04 32.8 6.8 17.2 
0.6 25.63 0.04 30.5 6.77 17.2 
0.6 25.63 0.04 28.9 6.75 17 
0.6 25.63 0.04 27.3 6.74 16.7 
0.6 26.14 0.04 26 6.72 16.4 
0.6 26.15 0.04 24.5 6.71 15.7 
0 26.16 0.04 85.7 7.73 11.9 
0 26.16 0.04 86.8 7.73 15.7 
0.19 26.16 0.04 86.9 7.72 16.3 
0.28 26.16 0.04 86.9 7.7 16.8 
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0.33 26.16 0.04 86.9 7.68 17.2 
0.33 26.16 0.04 86.9 7.66 17.2 
0.37 26.17 0.04 86.8 7.65 17.2 
0.37 26.17 0.04 86.8 7.63 17 
0.37 26.16 0.04 86.7 7.62 16.7 
0.37 25.78 0.04 86.6 7.6 16.4 
0.37 25.77 0.04 86.6 1.99 15.7 
0.56 25.77 0.04 86.2 6.94 11.9 
0.6 25.77 0.04 85.5 6.9 15.7 
0.6 25.77 0.04 84 6.87 16.3 
0.6 25.77 0.04 82.1 6.84 16.8 
0.6 25.77 0.04 81.1 6.82 17.2 
0.6 25.77 0.04 80.1 6.8 17.2 
0.6 25.77 0.04 79.7 6.77 17.2 
0.6 25.77 0.04 79.5 6.75 17 
0.6 25.77 0.04 78.5 6.74 16.7 
0.6 25.79 0.04 77.3 6.72 16.4 
0.6 25.79 0.04 76.3 6.71 15.7 
0 25.79 0.04 89.9 7.73 64.2 
0.19 25.79 0.04 89.9 7.73 60.6 
0.33 25.78 0.04 90 7.72 58.7 
0.42 25.78 0.04 89.1 7.7 56.1 
0.51 25.78 0.04 87.5 7.68 54.5 
0.51 25.78 0.04 86.3 7.66 54 
0.51 25.78 0.04 85.1 7.65 52.8 
0.51 25.78 0.04 84.4 7.63 51.8 
0.51 26.13 0.04 83.8 7.62 50.2 
0.51 26.34 0.04 83.3 7.6 49.5 
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0 26.37 0.04 53.4 6.72 600 
0 26.3 0.04 22.4 6.77 469.3 
0 26.28 0.04 22.1 6.77 468.3 
0 26.28 0.04 21.5 6.78 451.9 
0 26.24 0.04 21.4 6.78 445.9 
0 26.26 0.04 21.2 6.79 430.7 
0 26.31 0.04 21 6.79 421.7 
0 26.32 0.04 20.8 6.8 412.3 
0 24.02 0.04 20.7 6.8 403 
0.05 24.07 0.04 20.7 6.8 398.1 
0 24.1 0.04 44.2 6.82 191.9 
0 24.09 0.04 38.3 6.83 218.4 
0.19 24.08 0.04 32.9 6.83 177.1 
0.23 24.08 0.04 30.4 6.84 170.4 
0.28 24.1 0.04 26.7 6.82 153.2 
0.28 24.11 0.04 25.3 6.82 147.3 
0.28 24.14 0.04 24.1 6.83 141.4 
0.28 24.14 0.04 22.9 6.83 137 
0.28 24.11 0.04 21.9 6.82 133.5 
0.28 24.06 0.04 19.4 6.84 114.5 
0.28 24.06 0.04 18.8 6.85 113.5 
0.28 24.07 0.04 18.2 6.86 111.4 
0.28 24.06 0.04 17.4 6.86 110.7 
0.28 24.04 0.04 16.7 6.87 110.2 
0.28 24.03 0.04 16.2 6.87 110.3 
0.28 24.01 0.04 15.5 6.88 110.9 
0.33 24 0.04 14.9 6.88 111.2 
0.33 23.16 0.04 14.2 6.88 112.5 
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0.33 23.16 0.04 13.9 6.89 112.9 
0 23.13 0.06 41.9 6.83 27.7 
0 23.12 0.06 38.2 6.84 30.6 
0.14 23.09 0.04 35.2 6.84 32.4 
0.28 23.06 0.06 32.3 6.84 40.5 
0.37 23.05 0.04 29.8 6.85 40.5 
0.37 23.03 0.04 27.1 6.85 40.5 
0.42 22.97 0.06 24.8 6.86 41.7 
0.42 22.91 0.06 23 6.86 42.2 
0.47 22.83 0.06 21.8 6.87 42.7 
0.47 22.81 0.06 20.3 6.88 43.1 
0.47 22.82 0.06 15.8 6.9 42.3 
0.47 22.83 0.06 15 6.91 42.3 
0 22.83 0.06 68.6 6.64 137.1 
0 22.83 0.06 68.5 6.64 134 
0 22.84 0.06 68.1 6.64 129.5 
0 22.85 0.06 67.6 6.64 123.9 
0.05 22.86 0.06 67.2 6.64 117.8 
0.05 22.86 0.06 66.8 6.64 112.7 
0.09 22.87 0.06 66.4 6.64 108 
0.09 22.87 0.06 66.2 6.64 103.9 
0.09 22.87 0.06 66 6.64 100.5 
0.09 22.88 0.06 65.8 6.64 97.7 
0.09 22.88 0.06 65.6 6.64 95 
0.09 22.88 0.06 65.4 6.64 93 
0.14 22.88 0.06 65 6.64 88.4 
0.14 22.88 0.06 64.7 6.64 87.3 
0.14 22.88 0.06 64.5 6.65 86.3 
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0.14 22.88 0.06 64.3 6.65 85.5 
0.14 22.88 0.06 64.1 6.65 84.6 
0.19 22.88 0.06 63.7 6.65 81.7 
0.19 23.02 0.06 63.6 6.65 81.3 
0.19 23.01 0.06 63.2 6.65 80.4 
0.23 23.02 0.06 81.5 6.64 156.1 
0.28 23.02 0.06 79.8 6.64 151.6 
0.28 23.03 0.06 78.1 6.64 145 
0.28 23.04 0.06 76.3 6.65 130.9 
0.28 23.05 0.06 74.6 6.65 112.8 
0.28 23.06 0.06 74 6.65 109.9 
0.28 23.06 0.06 73.3 6.65 108.3 
0.28 23.07 0.06 72.7 6.65 106.6 
0.28 23.07 0.06 72.3 6.65 105.5 
0.28 23.07 0.06 71.9 6.65 104 
0.28 23.08 0.06 71.6 6.65 99.9 
0.28 23.07 0.06 71.3 6.65 98 
0.33 23.07 0.06 71.3 6.65 97.6 
0.33 23.07 0.06 71.3 6.65 97 
0.33 23.07 0.06 71.2 6.66 92.4 
0.33 23.07 0.06 71 6.66 92 
0.33 23.07 0.06 71 6.66 91.5 
0.33 23.07 0.06 71 6.66 91.1 
0.33 23.07 0.06 71 6.66 90.6 
0.33 18.2 0.06 71.1 6.66 89.8 
0.33 18.2 0.06 71.2 6.66 89 
0 18.23 0.02 64.9 7.15 541.6 
0.05 18.25 0.02 59.7 7.15 525.6 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
404 
 
Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.14 18.26 0.02 54.7 7.14 488.9 
0.19 18.28 0.05 50.7 7.14 463.4 
0.19 18.29 0.05 47.9 7.14 433.1 
0.23 18.29 0.05 46 7.14 404.9 
0.23 18.3 0.02 44.1 7.14 378 
0.23 18.29 0.02 42.5 7.14 348.6 
0.23 18.29 0.05 41.1 7.13 322.9 
0.23 18.29 0.05 39.2 7.13 284.3 
0.19 18.29 0.05 38.1 7.13 267.7 
0.19 18.29 0.02 37 7.13 243.9 
0.23 18.28 0.05 36.1 7.13 227 
0.19 18.28 0.05 35.5 7.13 219 
0.23 18.28 0.05 35 7.13 211.8 
0.23 18.28 0.05 34.6 7.13 203.9 
0.23 18.28 0.05 34.3 7.13 196.5 
0.23 18.28 0.05 33.9 7.13 189 
0.23 18.25 0.05 33.6 7.13 183.5 
0.23 18.24 0.05 33.4 7.13 178 
0 18.25 0.02 59.5 7.13 384.8 
0 18.25 0.02 59.2 7.13 408 
0.05 18.26 0.02 56.2 7.14 492 
0.14 18.26 0.05 53.5 7.14 441.6 
0.23 18.26 0.05 50.1 7.14 361.5 
0.28 18.26 0.05 48.3 7.14 331.5 
0.28 18.26 0.05 46.5 7.14 298.4 
0.28 18.27 0.05 45 7.14 274.1 
0.28 18.27 0.02 44.1 7.14 251.7 
0.28 18.28 0.02 42.9 7.13 211.7 
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0.28 18.29 0.02 42.4 7.13 186.8 
0.28 18.3 0.05 42.2 7.13 178.1 
0.28 18.31 0.05 42 7.13 159 
0.28 18.31 0.02 42 7.13 149 
0.28 18.32 0.02 42.1 7.13 145.6 
0.28 18.32 0.02 42.1 7.13 141.5 
0.28 18.32 0.05 42.1 7.13 133.5 
0.28 18.33 0.05 42.1 7.13 125.5 
0.33 16.77 0.05 42.1 7.13 119.9 
0.33 16.77 0.02 42.1 7.13 114.9 
0.37 16.76 0.16 10.5 7.47 123.2 
0.37 16.76 0.16 10.3 7.47 121.5 
0.37 16.76 0.16 10 7.47 120.3 
0.37 16.76 0.16 9.8 7.47 118.9 
0.37 16.76 0.16 9.5 7.48 115.9 
0.37 16.75 0.16 9.3 7.48 112.5 
0.37 16.75 0.16 9 7.48 111 
0.37 16.75 0.16 8.7 7.48 109.5 
0.37 16.75 0.16 8.6 7.48 107.8 
0.42 16.74 0.16 8.3 7.48 106.8 
0.42 16.74 0.16 8.2 7.48 106 
0.42 16.74 0.16 7.9 7.48 104 
0.42 16.74 0.16 7.8 7.48 103.1 
0.42 16.74 0.16 7.6 7.48 102.1 
0.42 16.73 0.16 7.4 7.48 100.4 
0.42 16.73 0.16 7.3 7.48 99.6 
0.42 16.73 0.16 7 7.48 97.8 
0.42 16.73 0.16 6.9 7.48 97.2 
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0.42 16.73 0.16 6.7 7.48 96.5 
0.42 16.73 0.16 6.6 7.48 95.7 
0.42 16.73 0.16 6.5 7.48 94.4 
0.42 16.73 0.16 6.4 7.48 92.8 
0.47 16.72 0.16 6.3 7.48 91.2 
0.47 16.72 0.16 6.2 7.48 89.7 
0.47 16.72 0.16 6 7.48 88.4 
0.47 16.72 0.16 5.9 7.48 87.4 
0.47 16.72 0.16 5.8 7.48 85.7 
0.47 16.72 0.16 5.7 7.48 84.7 
0.47 16.72 0.16 5.6 7.48 83.7 
0.47 16.72 0.16 5.6 7.48 82.7 
0.47 16.72 0.16 5.5 7.48 81.7 
0.47 16.72 0.16 5.4 7.48 80.7 
0.47 16.72 0.16 5.4 7.48 80 
0.47 16.71 0.16 5.4 7.48 80 
0.47 16.71 0.16 5.4 7.48 80 
0.47 16.71 0.16 5.2 7.48 79.3 
0.47 16.71 0.16 5.2 7.48 79.3 
0.47 16.71 0.16 5 7.48 78.5 
0.47 18.56 0.16 5 7.48 78.5 
0.47 18.56 0.16 5 7.48 78.5 
0.28 18.56 0.17 17 7.35 475.2 
0.79 18.57 0.17 15.9 7.36 491.1 
0.79 18.57 0.17 15.9 7.36 491.1 
0.79 18.57 0.17 15.4 7.35 494.7 
0.79 18.57 0.17 15.1 7.35 498 
0.79 18.57 0.17 14.7 7.35 501.2 
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0.79 18.57 0.17 14.4 7.35 502.1 
0.79 18.57 0.17 14.1 7.35 502.8 
0.79 18.57 0.17 13.9 7.35 501.7 
0.79 18.57 0.17 13.5 7.35 499.8 
0.79 18.57 0.17 13.3 7.35 498.3 
0.79 18.57 0.17 13.3 7.35 498.3 
0.79 18.57 0.17 12.8 7.35 499 
0.79 18.57 0.17 12.5 7.35 499.2 
0.79 18.57 0.17 12.3 7.36 499.8 
0.79 18.57 0.17 12.1 7.36 500.3 
0.84 18.57 0.17 11.9 7.36 499.5 
0.84 18.57 0.17 11.7 7.36 498.4 
0.84 18.56 0.17 11.6 7.36 497.5 
0.84 18.56 0.17 11.4 7.36 496.2 
0 18.56 0.17 9.9 7.37 79.9 
0.05 18.56 0.17 9.9 7.37 79.7 
0.19 18.56 0.17 9.9 7.37 79.3 
0.28 18.56 0.17 9.8 7.37 78.7 
0.33 18.56 0.17 9.7 7.37 78.2 
0.33 18.57 0.17 9.7 7.37 78.2 
0.33 18.57 0.17 9.7 7.37 78.2 
0.37 18.57 0.17 9.2 7.37 78 
0.37 18.57 0.17 9 7.37 77.9 
0.37 18.57 0.17 9 7.37 77.9 
0.37 18.57 0.17 8.6 7.37 77.9 
0.33 18.57 0.17 8.3 7.37 78.3 
0.33 18.57 0.17 8.1 7.37 78.4 
0.33 18.57 0.17 7.9 7.37 78.5 
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0.33 18.57 0.17 7.7 7.37 78.8 
0.33 18.57 0.17 7.5 7.37 79.4 
0.33 18.57 0.17 7.4 7.37 80.3 
0.33 18.57 0.17 7.3 7.37 81.4 
0.33 17.37 0.17 7.1 7.37 83 
0.33 17.37 0.17 6.9 7.37 85.2 
0.7 17.38 0.05 64.9 7.87 22.9 
0.7 17.38 0.05 64.4 7.87 22.9 
0.7 17.39 0.05 64 7.87 23 
0.7 17.39 0.05 63.4 7.87 23.2 
0.7 17.4 0.05 62.9 7.87 23 
0.7 17.4 0.05 62.4 7.87 22.9 
0.7 17.4 0.05 61.9 7.87 22.6 
0.7 17.41 0.05 61.4 7.86 22.3 
0.7 17.41 0.05 60.8 7.86 22.2 
0.7 17.41 0.05 60.5 7.86 22 
0.7 17.42 0.05 60.1 7.86 21.8 
0.7 17.42 0.05 59.6 7.86 21.8 
0.7 17.42 0.05 59.2 7.86 21.5 
0.7 17.42 0.05 58.7 7.86 21.1 
0.65 17.42 0.05 58.4 7.86 21 
0.65 17.42 0.05 58.4 7.86 21 
0.65 17.43 0.05 58.4 7.86 21 
0.7 17.43 0.05 57.2 7.86 20.9 
0.7 18.58 0.05 56.8 7.86 20.9 
0.7 18.63 0.05 56.4 7.86 21.1 
0 18.63 0.02 71 7.84 22.9 
0.37 18.62 0.02 71.4 7.84 22.9 
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0.47 18.56 0.02 71.4 7.84 23 
0.51 18.52 0.02 71.3 7.84 23.2 
0.51 18.5 0.02 71.1 7.84 23 
0.51 18.5 0.02 70.9 7.84 22.9 
0.51 18.49 0.02 70.8 7.84 22.6 
0.51 18.47 0.02 70.5 7.84 22.3 
0.51 18.45 0.02 70.5 7.84 22.2 
0.51 18.44 0.02 70.4 7.84 22 
0.47 18.44 0.02 70.5 7.84 21.8 
0.47 18.43 0.02 71 7.84 21.8 
0.47 18.43 0.02 71.5 7.84 21.5 
0.47 18.43 0.02 72.4 7.84 21.1 
0.47 18.43 0.02 72.7 7.84 21 
0.47 18.43 0.02 73.3 7.84 21 
0.47 18.42 0.02 73.9 7.84 21 
0.47 18.42 0.02 74.2 7.84 20.9 
0.47 13.34 0.02 74.7 7.84 20.9 
0.47 13.41 0.02 75.2 7.84 21.1 
0 13.42 0.05 16.7 7.99 11.2 
0.14 13.42 0.05 14.2 7.99 16.6 
0.14 13.43 0.05 13.7 7.99 16.6 
0.19 13.43 0.05 13.4 7.99 16.6 
0.19 13.44 0.05 13.4 7.99 16.6 
0.19 13.44 0.05 12.7 7.99 16.6 
0.19 13.43 0.05 12.4 7.99 16.7 
0.19 13.43 0.05 12.1 7.99 16.7 
0.19 13.43 0.05 11.8 7.99 16.7 
0.19 13.43 0.05 11.5 7.99 16.7 
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0.19 13.43 0.05 11.1 7.99 16.6 
0.19 13.44 0.05 10.8 7.99 16.6 
0.19 13.44 0.05 10.6 7.99 16.5 
0.19 13.44 0.05 10.3 7.99 16.5 
0.19 13.44 0.05 10.1 7.99 16.6 
0.19 13.43 0.05 9.9 7.99 16.6 
0.19 13.44 0.05 9.7 7.99 16.7 
0.19 13.44 0.05 9.5 7.99 16.7 
0.19 13.45 0.05 9.4 7.99 16.7 
0.19 13.45 0.05 9.2 7.99 16.7 
0 13.45 0.05 25.6 8 41.5 
0 13.45 0.05 25.3 8 46.3 
0 13.45 0.05 25.3 8 46.3 
0.23 13.45 0.05 24 8 49.5 
0.33 13.45 0.05 23.2 8 61.9 
0.37 13.45 0.05 22.7 8 61.5 
0.42 13.45 0.05 22.3 8 60.5 
0.47 13.45 0.05 21.8 8 59.5 
0.47 13.45 0.05 21.2 8 57.6 
0.47 13.45 0.05 20.8 8 55.8 
0.47 13.45 0.05 20.3 8 54.7 
0.51 13.45 0.05 19.9 8 53.8 
0.51 13.45 0.05 19.5 8 53.7 
0.47 13.45 0.05 19.2 8 54 
0.47 13.45 0.05 18.7 8 54.7 
0.47 13.45 0.05 18.4 8 55.8 
0.47 13.45 0.05 17.7 8 56.3 
0.47 13.44 0.05 17.4 8 55.5 
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0.47 10.63 0.05 17.1 8 54 
0.47 10.65 0.05 16.6 8 51.5 
0 10.66 0.12 33.3 7.96 227.6 
0.09 10.66 0.12 18.1 7.98 151.3 
0.09 10.66 0.12 17.9 7.98 150.5 
0.09 10.66 0.12 17.3 7.98 148.6 
0.09 10.66 0.12 17 7.98 149.1 
0.09 10.66 0.12 16.7 7.98 149.2 
0.09 10.66 0.12 16.6 7.98 149.7 
0.09 10.66 0.12 16.3 7.98 149.1 
0.09 10.66 0.12 16.1 7.98 148.3 
0.09 10.66 0.12 15.9 7.98 148.5 
0.09 10.66 0.12 15.7 7.98 147.9 
0.09 10.66 0.12 15.4 7.98 147.6 
0.09 10.66 0.12 15.3 7.98 146.6 
0.09 10.66 0.12 15.1 7.98 144.6 
0.09 10.67 0.12 14.9 7.98 142.6 
0.09 10.67 0.12 14.8 7.98 140.4 
0.09 10.67 0.12 14.7 7.98 137.9 
0.09 10.67 0.12 14.5 7.98 136.2 
0.09 10.53 0.12 14.4 7.98 134.3 
0.09 10.53 0.12 14.2 7.98 131.3 
0 10.54 0.12 37.7 7.97 98.2 
0 10.53 0.12 36.8 7.97 103.9 
0 10.53 0.12 35.5 7.97 128.8 
0 10.53 0.12 33.8 7.97 126.6 
0.05 10.52 0.12 32.4 7.98 123.9 
0.09 10.53 0.12 30.9 7.98 121 
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0.14 10.53 0.12 29.6 7.98 118.4 
0.14 10.54 0.12 28.2 7.98 115.7 
0.14 10.54 0.12 27.2 7.98 113.5 
0.19 10.54 0.12 26.1 7.98 111.9 
0.19 10.55 0.12 24.9 7.98 110.2 
0.19 10.55 0.12 23.8 7.98 108.5 
0.19 10.55 0.12 22.8 7.98 106.6 
0.19 10.55 0.12 21.8 7.98 104.8 
0.14 10.55 0.12 20.9 7.98 102.9 
0.14 10.55 0.12 20.1 7.98 101.2 
0.14 10.55 0.12 19.3 7.98 99.6 
0.14 10.55 0.12 18.8 7.98 98.4 
0.14 7.32 0.12 18.1 7.98 97.1 
0.14 7.29 0.12 17.6 7.98 95.7 
0 7.27 0.06 86 8.82 145.5 
0 7.24 0.06 86.3 8.82 143.6 
0.05 7.23 0.06 86.1 8.82 141.6 
0.19 7.21 0.06 85.9 8.83 139.2 
0.23 7.2 0.06 85.8 8.83 136.6 
0.28 7.19 0.06 85.6 8.83 133.5 
0.33 7.19 0.06 85.5 8.83 130.4 
0.33 7.19 0.06 85.2 8.83 124.4 
0.33 7.18 0.06 84.9 8.83 121.7 
0.33 7.18 0.06 84.6 8.83 119.3 
0.33 7.16 0.06 84.6 8.83 119.3 
0.33 7.16 0.06 84.6 8.83 119.3 
0.33 7.16 0.06 84.6 8.83 119.3 
0.33 7.17 0.06 84.6 8.83 119.3 
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0.33 7.18 0.06 83 8.83 116 
0.33 7.18 0.06 82.5 8.83 113.2 
0.33 7.18 0.06 82.2 8.83 110.1 
0.33 7.18 0.06 81.7 8.83 107.1 
0.33 7.33 0.06 81.4 8.83 104.2 
0.33 7.3 0.06 81.1 8.83 102.7 
0 7.29 0.06 79 8.8 4 
0 7.3 0.06 79.8 8.8 4.3 
0.14 7.3 0.06 78.7 8.8 4.6 
0.23 7.3 0.06 78.7 8.8 4.2 
0.23 7.3 0.06 78.7 8.8 4.2 
0.23 7.3 0.06 78.7 8.8 4.2 
0.23 7.3 0.06 78.7 8.8 4.2 
0.23 7.3 0.06 78.7 8.8 4.2 
0.23 7.3 0.06 78.7 8.8 4.2 
0.33 7.3 0.06 75.4 8.81 3.8 
0.33 7.3 0.06 75.4 8.81 3.8 
0.33 7.31 0.06 75.4 8.81 3.8 
0.33 7.31 0.06 75.4 8.81 3.8 
0.28 7.31 0.06 74.3 8.81 3.5 
0.28 7.31 0.06 74 8.81 3.1 
0.28 7.31 0.06 74 8.81 3.1 
0.28 7.31 0.06 73.6 8.81 2.7 
0.28 7.31 0.06 73.6 8.81 2.4 
0.28 9.11 0.06 73.6 8.81 2.4 
0.28 9.16 0.06 73 8.81 2.2 
0 9.17 0.06 43.5 8.62 92.4 
0.09 9.17 0.06 36.9 8.62 77.5 
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0.09 9.17 0.06 36.9 8.62 77.5 
0.09 9.17 0.06 36.9 8.62 77.5 
0.09 9.17 0.06 36.9 8.62 77.5 
0.09 9.17 0.06 36.9 8.62 77.5 
0.09 9.17 0.06 36.9 8.62 77.5 
0.09 9.17 0.06 36.9 8.62 77.5 
0.09 9.17 0.06 36.9 8.62 77.5 
0.09 9.17 0.06 36.9 8.62 77.5 
0.09 9.17 0.06 36.9 8.62 77.5 
0.09 9.17 0.06 36.9 8.62 77.5 
0.09 9.17 0.06 36.9 8.62 77.5 
0.09 9.17 0.06 36.9 8.62 77.5 
0.09 9.2 0.06 36.9 8.62 77.5 
0.09 9.2 0.06 36.9 8.62 77.5 
0.09 9.2 0.06 30.4 8.62 50.5 
0.09 9.21 0.06 30 8.62 49.7 
0.09 9.23 0.06 30 8.62 49.7 
0.09 9.23 0.06 29.5 8.62 48.8 
0 9.21 0.06 34.9 8.62 38.1 
0 9.21 0.06 33.6 8.62 36.2 
0.05 9.21 0.06 32.5 8.62 35.8 
0.14 9.21 0.06 31.7 8.62 33.9 
0.19 9.21 0.06 30.7 8.62 30.9 
0.19 9.21 0.06 30.7 8.62 30.9 
0.19 9.21 0.06 30.7 8.62 30.9 
0.19 9.23 0.06 30.7 8.62 30.9 
0.19 9.22 0.06 30.7 8.62 30.9 
0.28 9.22 0.06 27.5 8.62 26.7 
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0.28 9.22 0.06 26.8 8.62 22.3 
0.28 9.23 0.06 26.8 8.62 22.3 
0.28 9.23 0.06 26.8 8.62 22.3 
0.28 9.23 0.06 25.1 8.63 18.2 
0.28 9.23 0.06 25.1 8.63 18.2 
0.28 9.23 0.06 25.1 8.63 18.2 
0.28 9.23 0.06 25.1 8.63 18.2 
0.28 9.23 0.06 25.1 8.63 18.2 
0.28 9.77 0.06 25.1 8.63 18.2 
0.28 9.66 0.06 25.1 8.63 18.2 
0.09 9.6 0.16 38 8.76 7.5 
0.33 9.48 0.16 37.8 8.76 9.4 
0.51 9.46 0.16 37.3 8.77 9.3 
0.56 9.33 0.16 36.8 8.77 9.3 
0.6 9.31 0.16 35.9 8.78 9.2 
0.6 9.25 0.16 35.4 8.78 9.1 
0.6 9.29 0.16 34.7 8.78 9 
0.6 9.32 0.13 34.1 8.78 8.9 
0.6 9.27 0.16 33.3 8.78 8.8 
0.6 9.34 0.16 32.2 8.78 8.5 
0.6 9.31 0.16 31.2 8.78 8.3 
0.65 9.3 0.16 29.8 8.78 7.7 
0.65 9.32 0.16 28.7 8.78 7.4 
0.65 9.3 0.16 28.7 8.78 7.4 
0.65 9.29 0.16 28.7 8.78 7.4 
0.6 9.39 0.16 26.4 8.78 7.2 
0.6 9.43 0.16 25.8 8.78 7 
0.6 9.45 0.16 25 8.78 7 
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0.6 8.79 0.16 24.2 8.78 7 
0.6 8.79 0.16 23.7 8.78 7 
0 8.79 0.16 62.7 8.8 13.4 
0 8.79 0.16 62.7 8.8 13.4 
0 8.79 0.16 62.7 8.8 13.4 
0 8.79 0.16 62.7 8.8 13.4 
0 8.79 0.16 62.7 8.8 13.4 
0 8.79 0.16 62.7 8.8 13.4 
0 8.79 0.16 62.7 8.8 13.4 
0 8.79 0.16 62.7 8.8 13.4 
0 8.79 0.16 62.7 8.8 13.4 
0 8.79 0.16 62.7 8.8 13.4 
0 8.79 0.16 62.7 8.8 13.4 
0 8.79 0.16 62.7 8.8 13.4 
0 8.79 0.16 62.7 8.8 13.4 
0 8.79 0.16 62.7 8.8 13.4 
0 8.79 0.16 62.7 8.8 13.4 
0 8.79 0.16 62.7 8.8 13.4 
0 8.79 0.16 62.7 8.8 13.4 
0 8.79 0.16 62.7 8.8 13.4 
0 8.49 0.16 62.7 8.8 13.4 
0 8.48 0.16 62.7 8.8 13.4 
0.28 8.47 0.2 48.8 8.4 28.8 
0.37 8.47 0.2 47.9 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
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0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.47 0.2 47 8.4 28.7 
0.51 8.43 0.2 47 8.4 28.7 
0.51 8.43 0.2 47 8.4 28.7 
0.7 13.21 0.2 34 8.41 28.5 
0.7 13.21 0.2 34 8.41 28.5 
0.28 13.21 0.02 29.4 8.53 479.4 
0.28 13.21 0.02 29.4 8.53 479.4 
0.28 13.21 0.02 29.4 8.53 479.4 
0.28 13.21 0.02 29.4 8.53 479.4 
0.28 13.21 0.02 29.4 8.53 479.4 
0.28 13.21 0.02 29.4 8.53 479.4 
0.28 13.21 0.02 29.4 8.53 479.4 
0.28 13.21 0.02 29.4 8.53 479.4 
0.28 13.21 0.02 29.4 8.53 479.4 
0.28 13.21 0.02 29.4 8.53 479.4 
0.28 13.21 0.02 29.4 8.53 479.4 
0.28 13.21 0.02 29.4 8.53 479.4 
0.28 13.21 0.02 29.4 8.53 479.4 
0.28 13.21 0.02 29.4 8.53 479.4 
0.28 13.21 0.02 29.4 8.53 479.4 
0.28 13.21 0.02 29.4 8.53 479.4 
0.28 13.21 0.02 29.4 8.53 479.4 
0.28 13.21 0.02 29.4 8.53 479.4 
0.28 13.02 0.02 29.4 8.53 479.4 
0.28 13.02 0.02 29.4 8.53 479.4 
0.23 13.02 0.05 77.2 8.53 800 
0.23 13.02 0.05 77.2 8.53 800 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.23 13.02 0.05 77.2 8.53 800 
0.23 13.02 0.05 77.2 8.53 800 
0.23 13.02 0.05 77.2 8.53 800 
0.23 13.02 0.05 77.2 8.53 800 
0.23 13.02 0.05 77.2 8.53 800 
0.23 13.02 0.05 77.2 8.53 800 
0.23 13.02 0.05 77.2 8.53 800 
0.23 13.02 0.05 77.2 8.53 800 
0.23 13.02 0.05 77.2 8.53 800 
0.23 13.02 0.05 77.2 8.53 800 
0.23 13.02 0.05 77.2 8.53 800 
0.23 13.02 0.05 77.2 8.53 800 
0.23 13.02 0.05 77.2 8.53 800 
0.23 13.02 0.05 77.2 8.53 800 
0.23 13.02 0.05 77.2 8.53 800 
0.23 13.03 0.05 77.2 8.53 800 
0.23 9.78 0.05 77.2 8.53 800 
0.65 9.78 0.05 76.4 8.54 800 
0 9.78 0.06 65.1 8.47 78 
0 9.78 0.06 65.1 8.47 78 
0 9.78 0.06 65.1 8.47 78 
0 9.78 0.06 65.1 8.47 78 
0 9.78 0.06 65.1 8.47 78 
0 9.78 0.06 65.1 8.47 78 
0 9.78 0.06 65.1 8.47 78 
0 9.78 0.06 65.1 8.47 78 
0 9.78 0.06 65.1 8.47 78 
0 9.78 0.06 65.1 8.47 78 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 9.78 0.06 65.1 8.47 78 
0 9.78 0.06 65.1 8.47 78 
0 9.78 0.06 65.1 8.47 78 
0 9.78 0.06 65.1 8.47 78 
0 9.78 0.06 65.1 8.47 78 
0 9.78 0.06 65.1 8.47 78 
0 9.78 0.06 65.1 8.47 78 
0 9.78 0.06 65.1 8.47 78 
0 9.44 0.06 65.1 8.47 78 
0 9.44 0.06 65.1 8.47 78 
0 9.44 0.06 62.6 8.48 16.9 
0 9.44 0.06 62.6 8.48 16.9 
0 9.44 0.06 62.6 8.48 16.9 
0 9.44 0.06 62.6 8.48 16.9 
0 9.44 0.06 62.6 8.48 16.9 
0 9.44 0.06 62.6 8.48 16.9 
0 9.44 0.06 62.6 8.48 16.9 
0 9.44 0.06 62.6 8.48 16.9 
0 9.44 0.06 62.6 8.48 16.9 
0 9.44 0.06 62.6 8.48 16.9 
0 9.44 0.06 62.6 8.48 16.9 
0 9.44 0.06 62.6 8.48 16.9 
0 9.44 0.06 62.6 8.48 16.9 
0 9.44 0.06 62.6 8.48 16.9 
0 9.44 0.06 62.6 8.48 16.9 
0 9.44 0.06 62.6 8.48 16.9 
0 9.44 0.06 62.6 8.48 16.9 
0 9.44 0.06 62.6 8.48 16.9 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 13.77 0.06 62.6 8.48 16.9 
0 13.77 0.06 62.6 8.48 16.9 
0 13.77 0.11 64.1 7.74 533.3 
0 13.77 0.11 64.1 7.74 533.3 
0 13.77 0.11 64.1 7.74 533.3 
0 13.77 0.11 64.1 7.74 533.3 
0 13.77 0.11 64.1 7.74 533.3 
0 13.77 0.11 64.1 7.74 533.3 
0 13.81 0.11 64.1 7.74 533.3 
0 13.81 0.11 64.1 7.74 533.3 
0 13.81 0.08 64.1 7.74 533.3 
0 13.81 0.08 64.1 7.74 533.3 
0 13.81 0.08 64.1 7.74 533.3 
0 13.81 0.08 64.1 7.74 533.3 
0 13.81 0.08 64.1 7.74 533.3 
0 13.81 0.08 64.1 7.74 533.3 
0 13.81 0.08 64.1 7.74 533.3 
0 13.81 0.08 64.1 7.74 533.3 
0 13.81 0.08 64.1 7.74 533.3 
0 13.81 0.08 64.1 7.74 533.3 
0 12.17 0.08 64.1 7.75 600 
0 12.17 0.08 64.1 7.75 600 
0 12.17 0.08 35.1 7.7 227.3 
0 12.17 0.08 35.1 7.7 227.3 
0 12.17 0.08 35.1 7.7 227.3 
0 12.17 0.08 35.1 7.7 227.3 
0 12.17 0.08 35.1 7.7 227.3 
0 12.17 0.08 35.1 7.7 227.3 
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0 12.17 0.08 35.1 7.7 227.3 
0 12.17 0.08 35.1 7.7 227.3 
0 12.17 0.08 35.1 7.7 227.3 
0 12.17 0.08 35.1 7.7 227.3 
0 12.17 0.08 35.1 7.7 227.3 
0 12.17 0.08 35.1 7.7 227.3 
0 12.17 0.08 35.1 7.7 227.3 
0 12.17 0.08 35.1 7.7 227.3 
0 12.17 0.08 35.1 7.7 227.3 
0 12.17 0.08 35.1 7.7 227.3 
0 12.17 0.08 35.1 7.7 227.3 
0 12.17 0.08 35.1 7.7 227.3 
0 14.67 0.08 35.1 7.7 227.3 
0 14.74 0.08 35.1 7.7 227.3 
0 14.74 0.11 56.3 7.94 175.1 
0 14.74 0.11 54 7.94 245 
0 14.74 0.11 54 7.94 245 
0 14.74 0.11 54 7.94 245 
0 14.74 0.11 54 7.94 245 
0 14.74 0.11 54 7.94 245 
0 14.74 0.11 54 7.94 245 
0 14.74 0.11 54 7.94 245 
0 14.74 0.11 54 7.94 245 
0 14.74 0.11 54 7.94 245 
0 14.74 0.11 54 7.94 245 
0 14.74 0.11 54 7.94 245 
0 14.74 0.11 54 7.94 245 
0 14.74 0.11 54 7.94 245 
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0 14.74 0.11 54 7.94 245 
0 14.74 0.11 54 7.94 245 
0 14.74 0.11 54 7.94 245 
0 14.74 0.11 54 7.94 245 
0 14.02 0.11 54 7.94 245 
0 13.94 0.11 54 7.94 245 
0 13.94 0.11 41.2 8 199 
0 13.94 0.11 41.2 8 199 
0 13.94 0.11 41.2 8 199 
0 13.94 0.11 41.2 8 199 
0 13.94 0.11 41.2 8 199 
0 13.94 0.11 41.2 8 199 
0 13.94 0.11 41.2 8 199 
0 13.94 0.11 41.2 8 199 
0 13.94 0.11 41.2 8 199 
0 13.94 0.11 41.2 8 199 
0 13.94 0.11 41.2 8 199 
0 13.94 0.11 41.2 8 199 
0 13.94 0.11 41.2 8 199 
0 13.94 0.11 41.2 8 199 
0 13.94 0.11 41.2 8 199 
0 13.94 0.11 41.2 8 199 
0 13.94 0.11 41.2 8 199 
0 13.89 0.11 41.2 8 199 
0 16.55 0.11 41.2 8 199 
0 16.55 0.11 26.2 8.01 218.5 
0 16.55 0.13 48.8 8.06 17.3 
0 16.55 0.13 47.5 8.07 21.1 
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0 16.55 0.13 47.5 8.07 21.1 
0 16.55 0.13 47.5 8.07 21.1 
0 16.55 0.13 47.5 8.07 21.1 
0 16.55 0.13 47.5 8.07 21.1 
0 16.55 0.13 47.5 8.07 21.1 
0 16.55 0.13 47.5 8.07 21.1 
0 16.55 0.13 47.5 8.07 21.1 
0 16.55 0.13 47.5 8.07 21.1 
0 16.55 0.13 47.5 8.07 21.1 
0 16.55 0.13 47.5 8.07 21.1 
0 16.55 0.13 47.5 8.07 21.1 
0 16.55 0.13 47.5 8.07 21.1 
0 16.55 0.13 47.5 8.07 21.1 
0 16.55 0.13 47.5 8.07 21.1 
0 16.55 0.13 47.5 8.07 21.1 
0 16.55 0.13 47.5 8.07 21.1 
0 16.44 0.13 47.5 8.07 21.1 
0 16.44 0.13 47.5 8.07 21.1 
0 16.44 0.13 53.9 8.07 18.2 
0 16.48 0.13 53.9 8.07 18.2 
0 16.48 0.13 53.9 8.07 18.2 
0 16.48 0.13 49.7 8.07 19.7 
0 16.51 0.13 49.7 8.07 19.7 
0 16.51 0.13 49.7 8.07 19.7 
0 16.51 0.13 49.7 8.07 19.7 
0 16.51 0.13 49.7 8.07 19.7 
0 16.51 0.13 49.7 8.07 19.7 
0 16.51 0.13 49.7 8.07 19.7 
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0 16.51 0.13 49.7 8.07 19.7 
0 16.51 0.13 49.7 8.07 19.7 
0 16.51 0.13 49.7 8.07 19.7 
0 16.51 0.13 49.7 8.07 19.7 
0 16.51 0.13 49.7 8.07 19.7 
0 16.51 0.13 49.7 8.07 19.7 
0 16.51 0.13 49.7 8.07 19.7 
0 16.51 0.13 49.7 8.07 19.7 
0 17.91 0.13 49.7 8.07 19.7 
0 17.9 0.13 49.7 8.07 19.7 
0 17.9 0.34 28.9 7.41 56.1 
0 17.9 0.31 29.3 7.41 83.2 
0 17.9 0.31 29.3 7.41 83.2 
0 17.9 0.34 29.3 7.41 82.8 
0 17.9 0.34 29.3 7.41 82.8 
0 17.9 0.34 29.3 7.41 82.8 
0 17.9 0.34 29.3 7.41 82.8 
0 17.9 0.34 29.3 7.41 82.8 
0 17.9 0.34 29.3 7.41 82.8 
0 17.9 0.34 29.3 7.41 82.8 
0 17.9 0.34 29.3 7.41 82.8 
0 17.9 0.34 29.3 7.41 82.8 
0 17.9 0.34 29.3 7.41 82.8 
0 17.9 0.34 29.3 7.41 82.8 
0 17.9 0.34 29.3 7.41 82.8 
0 17.9 0.34 29.3 7.41 82.8 
0 17.9 0.34 29.3 7.41 82.8 
0 17.9 0.34 29.3 7.41 82.8 
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0 19.05 0.34 29.3 7.41 82.8 
0 19.05 0.34 29.3 7.41 82.8 
0 19.05 0.33 42.3 7.39 162.1 
0 19.05 0.33 42.3 7.39 162.1 
0 19.05 0.33 42.3 7.39 162.1 
0 19.05 0.33 42.3 7.39 162.1 
0 19 0.33 42.3 7.39 162.1 
0 19 0.33 42.3 7.39 162.1 
0 19 0.33 36.7 7.4 177.4 
0 19 0.33 36.7 7.4 177.4 
0 19 0.33 36.7 7.4 177.4 
0 19 0.33 36.7 7.4 177.4 
0 19 0.33 36.7 7.4 177.4 
0 19 0.33 36.7 7.4 177.4 
0 19 0.33 36.7 7.4 177.4 
0 19 0.33 36.7 7.4 177.4 
0 19 0.33 36.7 7.4 177.4 
0 19 0.33 36.7 7.4 177.4 
0 19 0.33 36.7 7.4 177.4 
0 19.06 0.33 36.7 7.4 177.4 
0 17.48 0.33 36.7 7.4 177.4 
0 17.48 0.33 26.6 7.4 215.7 
0 17.48 0.05 34.4 7.19 28.8 
0 17.48 0.05 34.4 7.19 28.8 
0 17.48 0.05 34.4 7.19 28.8 
0 17.48 0.05 34.4 7.19 28.8 
0 17.48 0.05 34.4 7.19 28.8 
0 17.48 0.05 34.4 7.19 28.8 
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0 17.48 0.05 34.4 7.19 28.8 
0 17.48 0.05 34.4 7.19 28.8 
0 17.48 0.05 34.4 7.19 28.8 
0 17.48 0.05 34.4 7.19 28.8 
0 17.48 0.05 34.4 7.19 28.8 
0 17.48 0.05 34.4 7.19 28.8 
0 17.48 0.05 34.4 7.19 28.8 
0 17.48 0.05 34.4 7.19 28.8 
0 17.48 0.05 34.4 7.19 28.8 
0 17.48 0.05 34.4 7.19 28.8 
0 17.48 0.05 34.4 7.19 28.8 
0 17.47 0.05 34.4 7.19 28.8 
0 17.17 0.05 34.4 7.19 28.8 
0 17.17 0.05 33.8 7.2 32.1 
0 17.17 0.05 33.5 7.24 43.7 
0 17.17 0.05 33.5 7.24 43.7 
0 17.17 0.05 33.5 7.24 43.7 
0 17.17 0.05 33.5 7.24 43.7 
0 17.17 0.05 33.5 7.24 43.7 
0 17.17 0.05 33.5 7.24 43.7 
0 17.17 0.05 33.5 7.24 43.7 
0 17.17 0.05 33.5 7.24 43.7 
0 17.17 0.05 33.5 7.24 43.7 
0 17.17 0.05 33.5 7.24 43.7 
0 17.17 0.05 33.5 7.24 43.7 
0 17.17 0.05 33.5 7.24 43.7 
0 17.17 0.05 33.5 7.24 43.7 
0 17.17 0.05 33.5 7.24 43.7 
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0 17.17 0.05 33.5 7.24 43.7 
0 17.17 0.05 33.5 7.24 43.7 
0 17.17 0.05 33.5 7.24 43.7 
0 17.17 0.05 33.5 7.24 43.7 
0 25.18 0.05 33.5 7.24 43.7 
0 25.18 0.05 33.5 7.24 43.7 
0 25.18 0.04 56.4 7.78 39.5 
0 25.18 0.04 56.4 7.78 39.5 
0 25.18 0.04 56.4 7.78 39.5 
0 25.18 0.04 56.4 7.78 39.5 
0 25.18 0.04 56.4 7.78 39.5 
0 25.18 0.04 56.4 7.78 39.5 
0 25.18 0.04 56.4 7.78 39.5 
0 25.18 0.04 56.4 7.78 39.5 
0 25.18 0.04 56.4 7.78 39.5 
0 25.18 0.04 56.4 7.78 39.5 
0 25.18 0.04 56.4 7.78 39.5 
0 25.18 0.04 56.4 7.78 39.5 
0 25.18 0.04 56.4 7.78 39.5 
0 25.18 0.04 56.4 7.78 39.5 
0 25.18 0.04 56.4 7.78 39.5 
0 25.18 0.04 56.4 7.78 39.5 
0 25.18 0.04 56.4 7.78 39.5 
0 25.18 0.04 56.4 7.78 39.5 
0 23.57 0.04 56.4 7.78 39.5 
0 23.57 0.04 56.4 7.78 39.5 
0 23.57 0.04 76.2 7.82 50.5 
0 23.57 0.04 76.2 7.82 50.5 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 23.57 0.04 76.2 7.82 50.5 
0 23.57 0.04 76.2 7.82 50.5 
0 23.57 0.04 76.2 7.82 50.5 
0 23.57 0.04 76.2 7.82 50.5 
0 23.57 0.04 76.2 7.82 50.5 
0 23.57 0.04 76.2 7.82 50.5 
0 23.57 0.04 76.2 7.82 50.5 
0 23.57 0.04 76.2 7.82 50.5 
0 23.57 0.04 76.2 7.82 50.5 
0 23.57 0.04 76.2 7.82 50.5 
0 23.57 0.04 76.2 7.82 50.5 
0 23.57 0.04 76.2 7.82 50.5 
0 23.57 0.04 76.2 7.82 50.5 
0 23.57 0.04 76.2 7.82 50.5 
0 23.57 0.04 76.2 7.82 50.5 
0 23.6 0.04 76.2 7.82 50.5 
0 25.21 0.04 76.2 7.82 50.5 
0 25.21 0.04 73.4 7.83 56.6 
0 25.21 0.33 26 7.13 317.5 
0 25.21 0.33 26 7.13 317.5 
0 25.21 0.33 26 7.13 317.5 
0 25.21 0.33 26 7.13 317.5 
0 25.21 0.33 26 7.13 317.5 
0 25.21 0.33 26 7.13 317.5 
0 25.21 0.33 26 7.13 317.5 
0 25.21 0.33 26 7.13 317.5 
0 25.21 0.33 26 7.13 317.5 
0 25.21 0.33 26 7.13 317.5 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 25.21 0.33 26 7.13 317.5 
0 25.21 0.33 26 7.13 317.5 
0 25.21 0.33 26 7.13 317.5 
0 25.21 0.33 26 7.13 317.5 
0 25.21 0.33 26 7.13 317.5 
0 25.21 0.33 26 7.13 317.5 
0 25.21 0.33 26 7.13 317.5 
0 25.21 0.33 26 7.13 317.5 
0 25.84 0.33 26 7.13 317.5 
0 25.84 0.33 26 7.13 317.5 
0 25.84 0.33 33.4 7.15 -0.1 
0 25.84 0.33 33.4 7.15 -0.1 
0 25.84 0.33 33.4 7.15 -0.1 
0 25.84 0.33 33.4 7.15 -0.1 
0 25.84 0.33 33.4 7.15 -0.1 
0 25.84 0.33 33.4 7.15 -0.1 
0 25.84 0.33 33.4 7.15 -0.1 
0 25.84 0.33 33.4 7.15 -0.1 
0 25.84 0.33 33.4 7.15 -0.1 
0 25.84 0.33 33.4 7.15 -0.1 
0 25.84 0.33 33.4 7.15 -0.1 
0 25.84 0.33 33.4 7.15 -0.1 
0 25.84 0.33 33.4 7.15 -0.1 
0 25.84 0.33 33.4 7.15 -0.1 
0 25.84 0.33 33.4 7.15 -0.1 
0 25.84 0.33 33.4 7.15 -0.1 
0 25.84 0.33 33.4 7.15 -0.1 
0 25.84 0.33 33.4 7.15 -0.1 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 21.29 0.33 33.4 7.15 -0.1 
0 21.33 0.33 33.4 7.15 -0.1 
0 21.33 0.06 40 8.08 86.9 
0 21.33 0.06 34.7 8.09 194.8 
0 21.33 0.06 34.7 8.09 194.8 
0 21.33 0.06 34.7 8.09 194.8 
0 21.33 0.06 34.7 8.09 194.8 
0 21.33 0.06 34.7 8.09 194.8 
0 21.33 0.06 34.7 8.09 194.8 
0 21.33 0.06 34.7 8.09 194.8 
0 21.33 0.06 34.7 8.09 194.8 
0 21.33 0.06 34.7 8.09 194.8 
0 21.33 0.06 34.7 8.09 194.8 
0 21.33 0.06 34.7 8.09 194.8 
0 21.33 0.06 34.7 8.09 194.8 
0 21.33 0.06 34.7 8.09 194.8 
0 21.33 0.06 34.7 8.09 194.8 
0 21.33 0.06 34.7 8.09 194.8 
0 21.33 0.06 34.7 8.09 194.8 
0 21.33 0.06 34.7 8.09 194.8 
0 21.31 0.06 34.7 8.09 194.8 
0 21.31 0.06 34.7 8.09 194.8 
0 21.31 0.09 19.1 8.07 58 
0 21.31 0.09 19.1 8.07 58 
0 21.31 0.09 19.1 8.07 58 
0 21.31 0.09 19.1 8.07 58 
0 21.31 0.09 19.1 8.07 58 
0 21.31 0.09 19.1 8.07 58 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 21.31 0.09 19.1 8.07 58 
0 21.31 0.09 19.1 8.07 58 
0 21.31 0.09 19.1 8.07 58 
0 21.31 0.09 19.1 8.07 58 
0 21.31 0.09 19.1 8.07 58 
0 21.31 0.09 19.1 8.07 58 
0 21.31 0.09 19.1 8.07 58 
0 21.31 0.09 19.1 8.07 58 
0 21.31 0.09 19.1 8.07 58 
0 21.31 0.09 19.1 8.07 58 
0 21.31 0.09 19.1 8.07 58 
0 21.31 0.09 19.1 8.07 58 
0 22.67 0.09 19.1 8.07 58 
0 22.67 0.09 19.1 8.07 58 
0 22.67 0.09 28.4 7.43 13.9 
0 22.67 0.09 28.4 7.43 13.9 
0 22.67 0.09 28.4 7.43 13.9 
0 22.67 0.09 28.4 7.43 13.9 
0 22.67 0.09 28.4 7.43 13.9 
0 22.67 0.09 28.4 7.43 13.9 
0 22.67 0.09 28.4 7.43 13.9 
0 22.67 0.09 28.4 7.43 13.9 
0 22.67 0.09 28.4 7.43 13.9 
0 22.67 0.09 28.4 7.43 13.9 
0 22.67 0.09 28.4 7.43 13.9 
0 22.67 0.09 28.4 7.43 13.9 
0 22.67 0.09 28.4 7.43 13.9 
0 22.67 0.09 28.4 7.43 13.9 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 22.67 0.09 28.4 7.43 13.9 
0 22.67 0.09 28.4 7.43 13.9 
0 22.67 0.09 28.4 7.43 13.9 
0 22.67 0.09 28.4 7.43 13.9 
0 22.98 0.09 28.4 7.43 13.9 
0 22.98 0.09 28.4 7.43 13.9 
0 22.98 0.04 41.6 7.42 11 
0 22.98 0.04 41.6 7.42 11 
0 22.98 0.04 41.6 7.42 11 
0 22.98 0.04 41.6 7.42 11 
0 22.98 0.04 41.6 7.42 11 
0 22.98 0.04 41.6 7.42 11 
0 22.98 0.04 41.6 7.42 11 
0 22.98 0.04 41.6 7.42 11 
0 22.98 0.04 41.6 7.42 11 
0 22.98 0.04 41.6 7.42 11 
0 22.98 0.04 41.6 7.42 11 
0 22.98 0.04 41.6 7.42 11 
0 22.98 0.04 41.6 7.42 11 
0 22.98 0.04 41.6 7.42 11 
0 22.98 0.04 41.6 7.42 11 
0 22.98 0.04 41.6 7.42 11 
0 22.98 0.04 41.6 7.42 11 
0 22.89 0.04 41.6 7.42 11 
0 27.25 0.04 41.6 7.42 11 
0 27.22 0.04 41.6 7.42 11 
0 27.22 0.04 75.1 7.3 35.6 
0 27.22 0.04 77.3 7.31 48.8 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 27.22 0.04 77.3 7.31 48.8 
0 27.22 0.04 77.3 7.31 48.8 
0 27.22 0.04 77.3 7.31 48.8 
0 27.22 0.04 77.3 7.31 48.8 
0 27.22 0.04 77.3 7.31 48.8 
0 27.22 0.04 77.3 7.31 48.8 
0 27.22 0.04 77.3 7.31 48.8 
0 27.22 0.04 77.3 7.31 48.8 
0 27.22 0.04 77.3 7.31 48.8 
0 27.22 0.04 77.3 7.31 48.8 
0 27.22 0.04 77.3 7.31 48.8 
0 27.22 0.04 77.3 7.31 48.8 
0 27.22 0.04 77.3 7.31 48.8 
0 27.22 0.04 77.3 7.31 48.8 
0 27.22 0.04 77.3 7.31 48.8 
0 27.22 0.04 77.3 7.31 48.8 
0 27.22 0.04 77.3 7.31 48.8 
0 32.27 0.04 77.1 7.31 47.9 
0 32.27 0.02 77.2 7.31 47.5 
0 32.27 0.03 74.8 7.19 8.9 
0 32.27 0.03 74.8 7.19 8.9 
0 32.3 0.03 74.8 7.19 8.9 
0 32.3 0.03 74.8 7.19 8.9 
0 32.3 0.03 74.8 7.19 8.9 
0 32.3 0.03 74.8 7.19 8.9 
0 32.3 0.03 74.8 7.19 8.9 
0 32.3 0.03 74.8 7.19 8.9 
0 32.3 0.03 74.8 7.19 8.9 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 32.3 0.03 74.8 7.19 8.9 
0 32.3 0.03 74.8 7.19 8.9 
0 32.3 0.03 74.8 7.19 8.9 
0 32.3 0.03 74.8 7.19 8.9 
0 32.3 0.03 74.8 7.19 8.9 
0 32.3 0.03 74.8 7.19 8.9 
0 32.3 0.03 74.8 7.19 8.9 
0 32.3 0.03 74.8 7.19 8.9 
0 32.3 0.03 74.8 7.19 8.9 
0 22.45 0.03 74.8 7.19 8.9 
0 22.43 0.03 74.8 7.19 8.9 
0 22.43 0.04 32.9 7.71 35.8 
0 22.42 0.04 33 7.71 35.7 
0 22.42 0.04 33 7.71 35 
0 22.42 0.04 33 7.71 35.3 
0 22.42 0.04 33 7.71 35.5 
0 22.42 0.04 33 7.71 35.5 
0 22.43 0.04 33 7.71 35.5 
0 22.43 0.04 33 7.71 35.5 
0 22.43 0.04 33 7.71 35.5 
0 22.43 0.04 33 7.71 35.5 
0 22.43 0.04 33 7.71 35.5 
0 22.43 0.04 33 7.71 35.5 
0 22.43 0.04 33 7.71 35.5 
0 22.43 0.04 33 7.71 35.5 
0 22.43 0.04 33 7.71 35.5 
0 22.43 0.04 33 7.71 35.5 
0 22.43 0.04 33 7.71 35.5 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 22.43 0.04 33 7.71 35.5 
0 22.44 0.04 32.4 7.71 35.6 
0 21.84 0.04 32.4 7.71 35.6 
0 21.84 0.04 32.2 7.71 35 
0 21.84 0.06 11.8 7.73 20.9 
0 21.84 0.06 11.9 7.74 25.5 
0 21.84 0.06 12 7.74 32.2 
0 21.84 0.06 12 7.74 32.2 
0 21.84 0.06 12 7.74 32.5 
0 21.84 0.06 12 7.74 32.5 
0 21.84 0.06 12 7.74 32.5 
0 21.84 0.06 12 7.74 32.5 
0 21.84 0.06 12 7.74 32.5 
0 21.84 0.06 12 7.74 32.5 
0 21.84 0.06 12 7.74 32.5 
0 21.84 0.06 12 7.74 32.5 
0 21.84 0.06 12 7.74 32.5 
0 21.84 0.06 12 7.74 32.5 
0 21.84 0.06 12 7.74 32.5 
0 21.84 0.06 12 7.74 32.5 
0 21.84 0.06 12 7.74 32.5 
0 21.84 0.06 12 7.74 32.5 
0 22 0.06 12 7.74 32.5 
0 22 0.06 12 7.74 32.5 
0 22 0.06 23.8 7.72 28 
0 22 0.06 23.8 7.72 28 
0 22 0.06 23.8 7.72 28 
0 22 0.06 23.8 7.72 28 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 22 0.06 23.8 7.72 28 
0 22 0.06 23.8 7.72 28 
0 22 0.06 23.8 7.72 28 
0 22.02 0.06 23.8 7.72 28 
0 22.02 0.06 23.8 7.72 28 
0 22.02 0.06 20.2 7.73 31.2 
0 22.02 0.06 20.2 7.73 31.2 
0 22.02 0.06 20.2 7.73 31.2 
0 22.02 0.06 20.2 7.73 31.2 
0 22.02 0.06 20.2 7.73 31.2 
0 26.5 0.06 20.2 7.73 31.2 
0 26.49 0.06 20.2 7.73 31.2 
0 26.48 0.06 20.2 7.73 31.2 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 26.5 0.23 92.3 7.73 7.5 
0 26.48 0.23 93.2 7.73 7.2 
0 26.48 0.23 93.2 7.72 6.9 
0 26.47 0.23 92.6 7.76 6.4 
0 26.46 0.23 92.4 7.77 6.1 
0 26.45 0.23 92.2 7.78 5.8 
0 26.42 0.23 92.2 7.79 5.7 
0 26.42 0.23 92.3 7.8 5.6 
0 26.42 0.23 92.4 7.81 5.5 
0 26.43 0.23 95 7.81 19 
0 26.43 0.23 93.9 7.82 17.7 
0 26.43 0.23 92.5 7.82 16.6 
0 26.44 0.23 90.9 7.87 15.7 
0 26.44 0.23 90.2 7.87 15.2 
0 26.44 0.23 89.4 7.87 14.9 
0 26.44 0.23 89 7.87 14.7 
0 26.41 0.23 89 7.87 14.8 
0 26.42 0.23 89.1 7.88 14.6 
0 26.43 0.23 89.4 7.88 14.1 
0 26.43 0.23 92 7.89 253.7 
0 26.44 0.23 90.7 7.89 256.4 
0 26.44 0.23 88.7 7.89 310.4 
0 26.44 0.23 87.6 7.72 268.5 
0.09 26.44 0.23 87 7.73 244 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.14 26.44 0.23 86.2 7.73 148.2 
0.14 26.44 0.23 86.1 7.73 135.9 
0.14 26.37 0.23 86.1 7.73 127.4 
0.14 26.37 0.26 86 7.73 118.6 
0.14 26.38 0.23 85.8 7.73 106.3 
0 26.38 0.23 95.5 7.73 40.7 
0 26.38 0.23 96.3 7.73 41.1 
0.05 26.38 0.23 95.2 7.73 42.6 
0.14 26.38 0.23 94.3 7.98 34 
0.19 26.38 0.26 94.1 7.99 27.4 
0.19 26.38 0.23 93 7.99 25.9 
0.19 26.39 0.23 91.9 8 25.4 
0.19 21.6 0.23 89.8 8 25.6 
0.19 21.6 0.23 88.5 8 25.1 
0.23 21.59 0.23 87.8 8 23 
0.88 21.57 0.06 14.7 8 58 
0.88 21.57 0.06 14.1 8 54.9 
0.88 21.56 0.06 13.7 8.01 54.2 
0.88 21.52 0.06 13.3 6.38 54.3 
0.88 21.52 0.06 12.7 6.38 54.7 
0.88 21.51 0.06 12.3 6.38 57.4 
0.88 21.52 0.06 11.8 6.38 57.8 
0.88 21.51 0.06 11.7 6.38 57.6 
0.93 22.93 0.06 11.5 6.38 57.6 
0.93 22.89 0.06 11.4 6.38 57.5 
0.93 22.88 0.06 11.1 6.38 57.5 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 22.76 0.06 43.5 6.38 100.4 
0.23 22.71 0.06 41.5 6.38 101.1 
0.47 22.69 0.06 38.8 6.38 120.3 
0.65 22.71 0.06 36.9 6.47 112.8 
0.7 22.77 0.06 35.4 6.47 105.9 
0.74 22.82 0.06 34.3 6.46 101.7 
0.79 22.86 0.06 33 6.46 102.6 
0.79 22.08 0.06 32.1 6.46 106.5 
0.79 21.99 0.06 31.4 6.46 112.2 
0.79 21.91 0.06 30.7 6.46 118.9 
0.7 21.9 0.06 45.7 6.45 39.6 
0.79 21.84 0.06 41.9 6.45 38.3 
0.93 21.82 0.06 38.4 6.45 36.3 
0.98 21.86 0.06 36.8 6.5 35.8 
0.98 21.89 0.06 34.6 6.48 35.6 
0.98 21.9 0.06 32.6 6.47 36.5 
0.98 21.87 0.06 30.2 6.47 38 
0.98 22.47 0.06 28.3 6.46 41.2 
0.98 22.41 0.06 26.8 6.45 44.1 
0.98 22.35 0.06 25.2 6.45 47.1 
0.42 22.22 0.06 43.5 6.44 50.8 
0.6 22.09 0.06 40.5 6.43 50 
0.74 22.05 0.06 37.7 6.43 47.5 
0.84 22.05 0.06 35.2 6.48 46.1 
0.88 22.02 0.06 33.2 6.47 47.2 
0.93 21.97 0.06 31.1 6.46 48.4 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.93 21.96 0.06 29.3 6.46 48.5 
0.93 21.55 0.06 27.8 6.45 48.2 
0.93 21.59 0.06 26.7 6.45 47.4 
0.93 21.62 0.06 25.6 6.44 45.7 
0.65 21.63 0.06 6.8 6.44 101.5 
0.7 21.65 0.06 6.6 6.43 99.9 
0.65 21.67 0.06 6.6 6.43 100 
0.65 21.69 0.06 6.7 7.07 99.9 
0.65 21.69 0.06 6.7 7.07 99.7 
0.7 21.69 0.06 6.7 7.07 99.8 
0.7 21.68 0.06 6.9 7.07 99.6 
0.7 21.09 0.06 6.9 7.07 99.4 
0.7 21.07 0.06 7 7.08 99.4 
0.7 21.06 0.06 7 7.07 99.5 
0 21.07 0.07 33.3 7.08 226.2 
0.47 21.09 0.07 28.4 7.08 238.3 
0.74 21.09 0.07 24.4 7.08 249.7 
0.93 21.09 0.07 21.9 7.1 307.1 
1.02 21.1 0.07 18.8 7.1 282.5 
1.07 21.11 0.07 16.7 7.11 278.6 
1.07 21.12 0.07 15.6 7.11 275.5 
1.07 21.22 0.07 14.7 7.11 272.7 
1.07 21.23 0.07 13.8 7.11 269.7 
1.07 21.24 0.07 12.9 7.11 266.7 
0.37 21.26 0.07 17.6 7.11 262 
0.65 21.27 0.07 16 7.11 262 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.84 21.28 0.07 14.1 7.11 262 
0.98 21.29 0.06 12.6 7.11 262 
1.02 21.3 0.06 11.6 7.11 262 
1.02 21.3 0.06 10.6 7.11 262 
1.07 21.3 0.06 9.8 7.11 261.9 
1.07 21.09 0.06 9.1 7.11 261.7 
1.07 21.09 0.06 8.5 7.11 261.5 
1.07 21.02 0.06 7.9 7.11 261.2 
0.14 21 0.07 23 7.11 123.5 
0.56 21.03 0.07 21.2 7.11 127.4 
0.84 21.06 0.07 18.7 7.11 155.4 
0.84 21.06 0.07 18.7 7.12 155.4 
1.12 21.09 0.07 15.3 7.12 150.6 
1.16 21.1 0.07 14 7.12 145 
1.21 21.1 0.07 12.9 7.12 139.6 
1.21 21.09 0.07 12.2 7.13 137.6 
1.26 21.49 0.07 11.4 7.12 136 
1.26 21.49 0.07 10.8 7.12 134.2 
1.26 21.49 0.07 9.6 7.12 128.5 
0 21.49 0.06 7.9 7.13 19.1 
0 21.49 0.06 7.9 7.13 19.1 
0.09 21.49 0.04 8.1 7.13 19 
0.19 21.49 0.06 8.2 6.62 19 
0.23 21.49 0.06 8.3 6.62 18.9 
0.23 21.49 0.06 8.3 6.62 18.8 
0.28 21.49 0.06 8.2 6.62 18.7 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.28 21.49 0.06 8.1 6.62 18.6 
0.28 21.49 0.06 8 6.62 18.5 
0.28 21.49 0.06 7.9 6.62 18.5 
0.33 21.49 0.06 6.2 6.62 17 
0.33 21.49 0.06 6.2 6.62 17 
0.33 21.49 0.04 6.1 6.62 17 
0.33 21.49 0.04 6.1 6.62 16.9 
0.33 21.48 0.04 6.1 6.62 16.9 
0.33 21.48 0.04 6.1 6.62 16.9 
0.33 21.48 0.04 6.2 6.62 16.8 
0.33 21.26 0.04 6.3 6.62 16.7 
0.33 21.26 0.04 6.4 6.62 16.7 
0.37 21.26 0.06 6.5 6.62 16.6 
0.47 21.26 0.06 19.8 6.62 13.7 
0.51 21.26 0.06 17.5 6.62 13.9 
0.56 21.26 0.06 15.8 6.62 14.6 
0.56 21.26 0.06 14.4 6.64 15.3 
0.56 21.26 0.06 13.4 6.64 15.9 
0.56 21.26 0.06 12.6 6.64 15.7 
0.56 21.26 0.06 11.9 6.64 16 
0.56 21.26 0.06 11.3 6.64 16.4 
0.56 21.26 0.06 10.8 6.64 16.7 
0.56 21.26 0.06 10.3 6.64 17.3 
0.56 21.26 0.06 9.8 6.64 20.5 
0.56 21.26 0.06 9.3 6.64 21.5 
0.56 21.26 0.06 9 6.64 21.6 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
444 
 
Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.56 21.26 0.06 8.5 6.64 22.1 
0.56 21.26 0.06 8.1 6.64 24.5 
0.56 21.25 0.06 7.8 6.64 25.9 
0.56 21.25 0.06 7.5 6.64 26.1 
0.56 21.25 0.06 7.1 6.64 26.7 
0.56 18.55 0.06 6.9 6.64 25.8 
0.56 18.54 0.06 6.7 6.64 25.3 
0.56 18.54 0.06 5.7 6.64 20.4 
0.09 18.55 0.12 49.6 6.64 9.6 
0.37 18.54 0.12 45.4 6.64 11.9 
0.56 18.53 0.12 41 6.64 11.9 
0.65 18.53 0.12 36.9 7.2 11.8 
0.65 18.53 0.12 34.2 7.2 11.9 
0.7 18.52 0.12 31.6 7.2 11.9 
0.7 18.53 0.12 29.6 7.21 12.1 
0.7 18.53 0.12 27.5 7.21 14.4 
0.7 18.53 0.12 25.8 7.21 14.4 
0.7 18.53 0.12 24.3 7.21 14.3 
0.7 18.53 0.12 22.8 7.21 14.2 
0.7 18.54 0.12 21.4 7.21 14.3 
0.7 18.53 0.12 20.3 7.21 12 
0.74 18.53 0.12 18.9 7.21 12 
0.7 18.52 0.12 18 7.21 12.3 
0.74 18.53 0.12 17.1 7.21 12.6 
0.74 18.54 0.12 16.3 7.21 12.9 
0.74 19.04 0.12 15.5 7.21 13.8 
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0.74 19.03 0.12 14.9 7.21 14.4 
0.74 19.03 0.12 14.3 7.21 14.7 
0 19.04 0.12 46.6 7.21 84.8 
0.05 19.04 0.12 40.9 7.21 94.7 
0.42 19.05 0.12 25.7 7.21 81.2 
0.42 19.05 0.12 24 7.2 78.6 
0.42 19.05 0.12 23 7.2 76.4 
0.42 19.05 0.12 21.3 7.21 66.2 
0.42 19.05 0.12 20.3 7.21 63 
0.42 19.05 0.12 19.7 7.21 60.5 
0.42 19.04 0.12 18.8 7.21 58.5 
0.42 19.04 0.12 18.3 7.21 57.2 
0.47 19.05 0.12 17.4 7.21 56 
0.47 19.05 0.12 16.9 7.21 55.8 
0.47 19.06 0.12 16.5 7.21 55.8 
0.47 19.06 0.12 16.5 7.21 55.8 
0.47 19.07 0.12 15.8 7.21 56.7 
0.47 19.07 0.12 15.3 7.21 57.5 
0.47 19.07 0.12 14.9 7.21 58.1 
0.47 22.65 0.12 14.6 7.21 58.5 
0.47 22.66 0.12 14.2 7.21 58.5 
0.51 22.66 0.12 14 7.21 57.3 
0 22.66 0.13 78.4 7.21 47.6 
0.23 22.66 0.13 78.4 7.21 50 
0.42 22.66 0.13 77.8 7.21 60.6 
0.51 22.66 0.13 77.1 7.44 60 
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0.56 22.67 0.13 76.2 7.45 55.8 
0.6 22.67 0.13 75.7 7.45 53.8 
0.6 22.67 0.13 75.7 7.45 53.8 
0.6 22.67 0.13 75 7.45 51.2 
0.6 22.67 0.13 75 7.45 51.2 
0.65 22.67 0.13 74.7 7.45 49 
0.65 22.67 0.13 74.7 7.45 48.1 
0.65 22.67 0.13 74.7 7.45 49 
0.65 22.67 0.13 74.6 7.45 48.3 
0.65 22.68 0.13 74.5 7.45 47.3 
0.65 22.67 0.13 74.3 7.45 46.4 
0.65 22.67 0.13 74.2 7.45 45.9 
0.65 22.67 0.13 74.1 7.45 42.9 
0.65 22.68 0.13 74.1 7.45 42.5 
0.7 22.68 0.13 74 7.45 42.3 
0.7 22.68 0.13 73.9 7.45 42.8 
0.7 22.69 0.13 73.6 7.45 43 
0.7 22.7 0.13 73.2 7.45 42.3 
0.7 22.72 0.13 73.1 7.45 41.8 
0.7 22.71 0.13 72.8 7.45 43.3 
0.7 22.7 0.13 72.6 7.45 46.1 
0.74 22.7 0.13 72 7.45 51 
0.74 22.69 0.13 71.8 7.45 48.9 
0.74 22.69 0.13 71.5 7.45 48 
0.74 22.7 0.13 71.4 7.45 47.1 
0.74 22.69 0.13 71.2 7.45 45.7 
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0.74 22.69 0.13 70.9 7.45 48.2 
0.74 22.69 0.13 70.8 7.45 49.2 
0.74 22.69 0.13 70.7 7.45 49.7 
0.74 22.69 0.13 70.6 7.45 49.5 
0.74 22.7 0.13 70.3 7.45 49.8 
0.79 22.69 0.13 70.1 7.45 47.2 
0.79 22.7 0.13 70 7.45 46.7 
0.79 18.56 0.13 69.8 7.45 47 
0.79 18.58 0.13 69.7 7.45 46.7 
0.79 18.58 0.13 69.6 7.45 46.3 
0 18.58 0.1 13.1 7.45 34.3 
0.56 18.58 0.1 12.9 7.45 45.2 
0.56 18.58 0.1 12.8 7.45 45.2 
0.56 18.58 0.1 12.7 7.47 45.2 
0.56 18.58 0.1 12.2 7.47 45 
0.56 18.58 0.1 11.8 7.47 45 
0.56 18.58 0.1 11.8 7.47 45 
0.56 18.58 0.1 11.8 7.47 45 
0.56 18.58 0.1 11.8 7.47 45 
0.56 18.58 0.1 11.8 7.47 45 
0.56 18.58 0.1 11.8 7.47 45 
0.56 18.58 0.1 11.8 7.47 45 
0.56 18.58 0.1 11.8 7.47 45 
0.56 18.58 0.1 11.8 7.47 45 
0.56 18.58 0.1 11.8 7.47 45 
0.56 18.58 0.1 11.8 7.47 45 
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0.56 18.58 0.1 11.8 7.47 45 
0.56 18.47 0.1 11.8 7.47 45 
0.56 18.48 0.1 11.8 7.47 45 
0.56 18.48 0.1 11.8 7.47 45 
0 18.48 0.07 12.4 7.47 143.3 
0.23 18.48 0.07 12.3 7.47 142.9 
0.42 18.49 0.07 12.2 7.47 142.3 
0.51 18.49 0.07 12 7.47 141.8 
0.56 18.49 0.07 11.9 7.47 141.3 
0.6 18.49 0.07 11.8 7.47 140.8 
0.6 18.49 0.07 11.7 7.47 140.3 
0.6 18.5 0.07 11.6 7.47 139.7 
0.6 18.5 0.07 11.4 7.47 139 
0.6 18.5 0.07 11.3 7.47 138.3 
0.6 18.5 0.07 11.3 7.47 137.4 
0.6 18.5 0.07 11.1 7.47 136.7 
0.6 18.5 0.07 11 7.47 136.1 
0.6 18.5 0.07 10.8 7.47 135.5 
0.56 18.5 0.07 10.7 7.47 134.7 
0.56 18.5 0.07 10.7 7.47 134 
0.56 18.5 0.07 10.6 7.47 133.1 
0.56 16.41 0.07 10.5 7.47 132.2 
0.56 16.4 0.1 10.4 7.47 131.4 
0.56 16.4 0.07 10.2 7.47 130.7 
0.23 16.4 0.05 24.3 7.47 29.4 
0.65 16.41 0.05 24.3 7.47 31.5 
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0.93 16.41 0.05 24 7.47 40 
1.07 16.4 0.05 23.7 7.89 40.8 
1.12 16.41 0.05 23.2 7.89 40.8 
1.16 16.43 0.05 22.5 7.89 41.3 
1.16 16.44 0.05 22.1 7.89 41.9 
1.16 16.43 0.05 21.7 7.89 42.1 
1.16 16.42 0.05 21.2 7.89 42 
1.16 16.43 0.05 20.8 7.89 42 
1.16 16.43 0.05 20.5 7.89 42 
1.16 16.43 0.05 20.1 7.89 42.1 
1.16 16.43 0.05 19.6 7.89 42.8 
1.12 16.44 0.05 19.2 7.89 42.9 
1.12 16.44 0.05 18.9 7.89 42.8 
1.16 16.46 0.05 18.7 7.89 42.5 
1.16 16.45 0.05 18.4 7.89 42 
1.12 16.57 0.05 18.2 7.89 41.8 
1.16 16.56 0.05 18 7.89 41.6 
1.16 16.55 0.05 17.8 7.89 41.7 
0 16.55 0.05 31.1 7.89 15.7 
0.6 16.54 0.05 30.4 7.89 19.1 
0.84 16.54 0.05 29.4 7.89 23.9 
0.98 16.54 0.05 28.3 7.88 23.9 
1.07 16.56 0.05 27.4 7.88 24.1 
1.12 16.53 0.05 26.2 7.88 25.3 
1.12 16.53 0.05 25.7 7.89 27 
1.12 16.55 0.05 25 7.89 31.7 
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1.12 16.55 0.05 24.1 7.89 36 
1.12 16.54 0.05 23.5 7.89 36.7 
1.12 16.53 0.05 22.9 7.88 37.1 
1.12 16.52 0.05 22.9 7.89 37.1 
1.07 16.52 0.05 21.9 7.89 33.8 
1.07 16.51 0.05 21.4 7.89 32.1 
1.07 16.51 0.05 20.8 7.89 30.9 
1.07 16.51 0.05 20.8 7.89 30.9 
1.07 16.51 0.05 20 7.89 30.5 
1.07 13.67 0.05 19.5 7.89 28.7 
1.07 13.67 0.05 18.7 7.89 27.1 
1.07 13.68 0.05 18.3 7.88 27.5 
0.47 13.69 0.08 24.5 7.88 21.6 
0.56 13.69 0.08 24.2 7.88 21.6 
0.6 13.69 0.08 23.7 7.88 21.5 
0.6 13.7 0.08 23.5 8.05 21.5 
0.65 13.71 0.08 23.2 8.05 21.5 
0.65 13.72 0.08 22.9 8.05 21.4 
0.65 13.73 0.08 22.6 8.04 21.2 
0.65 13.74 0.08 22.4 8.04 21.1 
0.65 13.74 0.08 22 8.05 20.4 
0.65 13.75 0.08 22 8.04 20.4 
0.65 13.75 0.08 21.5 8.04 20.3 
0.65 13.75 0.08 21.5 8.04 20.3 
0.65 13.75 0.08 21.1 8.04 20.3 
0.65 13.75 0.08 20.9 8.04 20.5 
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0.65 13.76 0.08 20.8 8.04 20.6 
0.65 13.76 0.08 20.6 8.04 20.6 
0.65 13.76 0.08 20.6 8.04 20.6 
0.65 13.51 0.08 20.3 8.04 20.5 
0.6 13.52 0.08 20.2 8.04 20.3 
0.6 13.52 0.08 20 8.04 20.1 
0.05 13.52 0.05 13.9 8.04 24.8 
0.56 13.52 0.05 13.8 8.04 27.7 
0.84 13.51 0.05 13.5 8.04 29.5 
0.84 13.51 0.05 13.5 8.04 29.5 
1.07 13.51 0.05 13.1 8.04 36.8 
1.12 13.51 0.05 12.9 8.05 36.5 
1.16 13.51 0.05 12.7 8.05 36.3 
1.16 13.51 0.05 12.7 8.05 36.3 
1.21 13.51 0.05 12.3 8.05 36.2 
1.21 13.51 0.05 12.1 8.05 36 
1.21 13.51 0.05 11.9 8.05 35.8 
1.21 13.51 0.05 11.7 8.05 35.7 
1.16 13.51 0.05 11 8.05 35.2 
1.16 13.51 0.05 10.8 8.05 35.2 
1.16 13.51 0.05 10.7 8.05 35.1 
1.16 13.51 0.05 10.5 8.05 35.1 
1.16 13.51 0.05 10.3 8.05 35 
1.16 13.03 0.05 10.2 8.05 34.9 
1.16 13.03 0.05 10 8.05 34.8 
1.16 13.04 0.05 9.9 8.05 34.7 
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0 13.04 0.26 27 8.05 2.1 
0.42 13.04 0.26 26.7 8.05 2.4 
0.84 13.05 0.26 25.1 8.05 3.5 
0.88 13.05 0.26 24.5 7.99 3.6 
0.98 13.05 0.26 23.8 7.99 3.6 
0.98 13.05 0.26 23.1 8 3.5 
1.02 13.05 0.26 22.7 8 3.5 
1.02 13.05 0.26 22.3 8 3.5 
1.02 13.05 0.26 21.7 8 3.4 
1.02 13.06 0.26 21.3 8 3.4 
1.02 13.05 0.26 21 8 3.3 
1.02 13.06 0.26 20.7 8 3.3 
0.98 13.06 0.26 20.2 8 3.2 
0.98 13.06 0.26 19.9 8 3.2 
0.98 13.06 0.26 19.6 8 3.2 
0.98 13.05 0.26 19.4 8 3.2 
0.98 13.05 0.26 19.1 8 3.2 
0.98 13.01 0.26 18.9 8 3.1 
0.98 13.01 0.26 18.6 8 3.1 
0.98 13.01 0.26 18.3 8 3.1 
0 13.02 0.26 50.9 8 10.6 
0.23 13.02 0.26 49.9 8 12 
0.51 13.02 0.26 47.9 8 12.6 
0.7 13.02 0.26 45.9 8.03 15.5 
0.79 13.03 0.26 44 8.03 14.7 
0.88 13.03 0.26 42.7 8.03 13.8 
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0.93 13.04 0.26 41.2 8.03 13.1 
0.93 13.04 0.26 39.9 8.03 12.3 
0.93 13.05 0.26 38.7 8.03 11.5 
0.93 13.05 0.26 37.5 8.03 11 
0.93 13.05 0.3 36.7 8.03 10.2 
0.93 13.06 0.26 35.9 8.03 9.2 
0.93 13.06 0.26 35.2 8.03 8.6 
0.93 13.07 0.26 35.2 8.03 8.6 
0.93 13.07 0.26 34.1 8.03 7.9 
0.88 13.08 0.26 33.6 8.03 7.2 
0.88 13.08 0.26 33 8.03 6.6 
0.88 13.08 0.26 32.5 8.03 7 
0.88 8.21 0.26 32 8.03 6.8 
0.88 8.21 0.26 31.5 8.03 6.8 
0.88 8.21 0.29 30.6 8.03 4.7 
0.37 8.21 0.16 73.5 8.03 203.5 
0.93 8.21 0.16 65.6 8.03 252.4 
1.02 8.21 0.16 62.2 8.03 252 
1.02 8.21 0.16 62.2 8.78 252 
1.07 8.21 0.16 57.8 8.79 250.6 
1.07 8.21 0.16 57.8 8.79 250.6 
1.07 8.21 0.16 54.4 8.79 247.5 
1.07 8.21 0.16 54.4 8.79 247.5 
1.12 8.21 0.16 51.1 8.79 243.4 
1.12 8.21 0.16 51.1 8.79 243.4 
1.12 8.21 0.16 51.1 8.79 243.4 
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1.12 8.21 0.16 51.1 8.8 243.4 
1.12 8.21 0.16 51.1 8.8 243.4 
1.12 8.21 0.16 45.5 8.8 237.7 
1.12 8.21 0.16 45.5 8.8 237.7 
1.12 8.21 0.16 45.5 8.8 237.7 
1.12 8.21 0.16 45.5 8.8 237.7 
1.12 8.21 0.16 45.5 8.8 237.7 
1.12 8.21 0.16 45.5 8.8 237.7 
1.12 8.21 0.16 45.5 8.8 237.7 
1.12 8.24 0.16 45.5 8.8 237.7 
1.12 8.24 0.16 45.5 8.8 237.7 
1.12 8.25 0.16 45.5 8.8 237.7 
1.07 8.25 0.16 36.9 8.8 224.5 
1.07 8.25 0.16 36.9 8.8 224.5 
1.07 8.25 0.16 36.9 8.8 224.5 
1.07 8.25 0.16 36.9 8.8 224.5 
1.07 8.25 0.16 36.9 8.8 224.5 
1.07 8.25 0.16 36.9 8.8 224.5 
1.07 8.25 0.16 36.9 8.8 224.5 
1.07 8.27 0.16 36.9 8.8 224.5 
1.07 8.27 0.16 36.9 8.8 224.5 
1.07 8.27 0.16 36.9 8.8 224.5 
1.07 8.27 0.16 36.9 8.8 224.5 
1.07 8.27 0.16 36.9 8.8 224.5 
1.07 8.27 0.16 36.9 8.8 224.5 
1.07 8.27 0.16 29.4 8.8 218.1 
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1.07 11.33 0.16 28.8 8.8 212.6 
1.02 11.32 0.16 28.5 8.8 208.5 
1.02 11.32 0.16 28 8.8 206 
0 11.32 0.31 66.7 8.8 10.8 
0.19 11.32 0.31 64.3 8.8 11.2 
0.19 11.32 0.31 64.3 8.8 11.2 
0.19 11.32 0.31 64.3 8.62 11.2 
0.19 11.32 0.31 64.3 8.62 11.2 
0.19 11.32 0.31 64.3 8.62 11.2 
0.19 11.32 0.31 64.3 8.62 11.2 
0.19 11.33 0.31 64.3 8.62 11.2 
0.19 11.33 0.31 64.3 8.62 11.2 
0.19 11.33 0.31 64.3 8.62 11.2 
0.88 11.33 0.31 42.8 8.62 10.5 
0.88 11.33 0.31 42.8 8.62 10.5 
0.88 11.33 0.31 42.8 8.62 10.5 
0.88 11.33 0.31 42.8 8.63 10.5 
0.88 11.33 0.31 42.8 8.63 10.5 
0.88 11.33 0.31 42.8 8.63 10.5 
0.88 11.33 0.31 42.8 8.63 10.5 
0.88 11.32 0.31 42.8 8.63 10.5 
0.88 11.32 0.31 42.8 8.63 10.5 
0.88 11.32 0.31 42.8 8.63 10.5 
0.88 11.32 0.31 28.7 8.63 11.5 
0.88 11.32 0.31 28.7 8.63 11.5 
0.88 11.32 0.31 28.7 8.63 11.5 
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0.88 11.32 0.31 28.7 8.63 11.5 
0.88 11.32 0.31 28.7 8.63 11.5 
0.88 11.32 0.31 28.7 8.63 11.5 
0.88 11.31 0.31 28.7 8.63 11.5 
0.88 11.31 0.31 28.7 8.63 11.5 
0.88 11.31 0.31 22.9 8.63 9.2 
0.88 11.31 0.31 21.8 8.63 6.5 
0.88 11.31 0.31 20.8 8.63 5.9 
0.84 11.31 0.31 20 8.63 6 
0.84 11.31 0.31 20 8.63 6 
0.84 11.31 0.31 20 8.63 6 
0.84 11.31 0.31 19 8.63 5.6 
0.84 11.31 0.31 18.3 8.63 5.5 
0.84 11.31 0.31 17.7 8.63 5.5 
0.84 9.81 0.31 17.3 8.63 5.2 
0.84 9.77 0.31 17 8.63 4.9 
0.84 9.77 0.31 16.5 8.63 5.1 
0 9.77 0.09 24.4 8.63 498.4 
0.23 9.77 0.09 24.6 8.63 621.9 
0.23 9.77 0.09 24.6 8.63 621.9 
0.23 9.77 0.09 24.6 8.77 621.9 
0.23 9.77 0.09 24.6 8.77 621.9 
0.23 9.77 0.09 24.6 8.77 621.9 
0.23 9.77 0.09 24.6 8.77 621.9 
0.23 9.77 0.09 24.6 8.77 621.9 
0.23 9.77 0.09 24.6 8.77 621.9 
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0.23 9.77 0.09 24.6 8.77 621.9 
0.23 9.77 0.09 24.6 8.77 621.9 
0.23 9.77 0.09 24.6 8.77 621.9 
0.23 9.77 0.09 24.6 8.77 621.9 
0.23 9.77 0.09 24.6 8.77 621.9 
0.23 9.77 0.09 24.6 8.77 621.9 
0.23 9.77 0.09 24.6 8.77 621.9 
0.23 9.77 0.09 24.6 8.77 621.9 
0.23 9.55 0.09 24.6 8.77 621.9 
0.23 9.55 0.09 24.6 8.77 621.9 
0.23 9.55 0.09 24.6 8.77 621.9 
0 9.55 0.12 32.8 8.77 408.6 
0 9.55 0.12 32.8 8.77 408.6 
0 9.55 0.12 32.8 8.77 408.6 
0 9.55 0.12 32.8 8.77 408.6 
0 9.55 0.12 32.8 8.77 408.6 
0 9.55 0.12 32.8 8.77 408.6 
0 9.55 0.12 32.8 8.77 408.6 
0 9.55 0.12 32.8 8.77 408.6 
0 9.55 0.12 32.8 8.77 408.6 
0 9.55 0.12 32.8 8.77 408.6 
0 9.55 0.12 32.8 8.77 408.6 
0 9.55 0.12 32.8 8.77 408.6 
0 9.55 0.12 32.8 8.77 408.6 
0 9.55 0.12 32.8 8.77 408.6 
0 9.55 0.12 32.8 8.77 408.6 
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0 9.6 0.12 32.8 8.77 408.6 
0 9.6 0.12 32.8 8.77 408.6 
0 11.82 0.12 32.8 8.77 408.6 
0 11.82 0.12 32.8 8.77 408.6 
0.6 11.82 0.12 19.3 8.77 416 
0.09 11.82 0.15 83.5 8.77 22.6 
0.42 11.82 0.15 83.1 8.77 27.6 
0.42 11.82 0.15 83.1 8.78 27.6 
0.42 11.82 0.15 83.1 8.27 27.6 
0.42 11.82 0.15 83.1 8.27 27.6 
0.42 11.82 0.15 83.1 8.27 27.6 
0.42 11.82 0.15 83.1 8.27 27.6 
0.42 11.82 0.15 83.1 8.27 27.6 
0.42 11.82 0.15 83.1 8.27 27.6 
0.42 11.82 0.15 83.1 8.27 27.6 
0.42 11.82 0.15 83.1 8.27 27.6 
0.42 11.82 0.15 83.1 8.27 27.6 
0.42 11.82 0.15 83.1 8.27 27.6 
0.42 11.82 0.15 83.1 8.27 27.6 
0.42 11.82 0.15 83.1 8.27 27.6 
0.42 11.85 0.15 83.1 8.27 27.6 
0.42 11.83 0.15 83.1 8.27 27.6 
0.42 11.83 0.15 83.1 8.27 27.6 
0.88 11.83 0.15 75.3 8.27 26.9 
0.88 11.83 0.15 75 8.27 27 
0.88 11.83 0.15 74.7 8.27 28 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.88 11.83 0.15 74.7 8.28 28 
0.88 11.83 0.15 74.7 8.28 28 
0.88 11.83 0.15 74.7 8.28 28 
0.88 11.83 0.15 73.9 8.28 32.4 
0.88 11.83 0.15 73.9 8.28 32.4 
0.88 11.83 0.15 73.9 8.28 32.4 
0.88 11.83 0.15 73.9 8.29 32.4 
0.88 11.83 0.15 73.9 8.29 32.4 
0.88 11.83 0.15 73.9 8.29 32.4 
0.88 11.83 0.15 73.9 8.29 32.4 
0.88 11.83 0.15 73.9 8.29 32.4 
0.88 11.83 0.15 73.9 8.29 32.4 
0.88 11.83 0.15 73.9 8.29 32.4 
0.88 11.83 0.15 73.9 8.29 32.4 
0.88 11.83 0.15 73.9 8.29 32.4 
0.88 11.82 0.15 73.9 8.29 32.4 
0.88 11.25 0.15 73.9 8.29 32.4 
0.88 11.25 0.15 73.9 8.29 32.4 
0.84 11.25 0.15 71.7 8.29 33.2 
1.02 11.25 0.06 41.4 8.29 47.4 
1.02 11.25 0.06 41.4 8.29 47.4 
1.02 11.25 0.06 41.4 8.29 47.4 
1.02 11.25 0.06 41.4 8.58 47.4 
1.02 11.25 0.06 41.4 8.58 47.4 
1.02 11.25 0.06 41.4 8.58 47.4 
1.02 11.25 0.06 41.4 8.58 47.4 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
1.02 11.25 0.06 41.4 8.58 47.4 
1.02 11.25 0.06 41.4 8.58 47.4 
1.02 11.25 0.06 41.4 8.58 47.4 
1.02 11.19 0.06 41.4 8.58 47.4 
1.02 11.19 0.06 41.4 8.58 47.4 
1.02 11.19 0.06 41.4 8.58 47.4 
0.98 11.19 0.06 42.4 8.58 48.4 
0.98 11.18 0.06 42.4 8.58 48.4 
0.98 11.18 0.06 42.4 8.58 48.4 
0.98 11.18 0.06 42.4 8.58 48.4 
0.98 11.18 0.06 42.6 8.58 48.3 
0.98 11.18 0.06 42.6 8.58 48.3 
0.98 11.18 0.06 42.6 8.58 48.3 
0.98 11.18 0.06 42.6 8.58 48.3 
0.98 11.18 0.06 42.6 8.58 48.3 
0.98 11.18 0.06 42.6 8.58 48.3 
0.98 11.18 0.06 42.6 8.58 48.3 
0.98 11.18 0.06 42.6 8.58 48.3 
0.98 11.18 0.06 42.6 8.58 48.3 
0.98 11.18 0.06 42.6 8.58 48.3 
0.98 11.18 0.06 42.6 8.58 48.3 
0.98 11.18 0.06 42.6 8.58 48.3 
0.98 11.18 0.06 42.6 8.58 48.3 
0.98 11.18 0.06 42.6 8.58 48.3 
0.98 11.18 0.06 42.6 8.58 48.3 
0.98 11.17 0.06 42.6 8.58 48.3 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.98 11.17 0.06 42.6 8.58 48.3 
0.98 11.17 0.06 42.6 8.58 48.3 
0.98 11.17 0.06 42.6 8.58 48.3 
0.98 11.17 0.06 42.6 8.58 48.3 
0.98 8.64 0.06 42.6 8.58 48.3 
0.98 8.61 0.06 42.6 8.58 48.3 
0.98 8.61 0.06 42.6 8.58 48.3 
0 8.61 0.16 47.3 8.58 51.1 
0.42 8.61 0.16 39.4 8.58 70.9 
0.42 8.61 0.16 39.4 8.58 70.9 
0.42 8.61 0.16 39.4 8.49 70.9 
0.42 8.61 0.16 39.4 8.5 70.9 
0.42 8.61 0.16 39.4 8.5 70.9 
0.42 8.6 0.16 39.4 8.5 70.9 
0.42 8.6 0.16 39.4 8.5 70.9 
0.42 8.6 0.16 39.4 8.5 70.9 
0.65 8.6 0.16 30.2 8.5 71.2 
0.65 8.6 0.16 30.2 8.5 71.2 
0.65 8.6 0.16 30.2 8.5 71.2 
0.65 8.6 0.16 30.2 8.5 71.2 
0.65 8.6 0.16 30.2 8.5 71.2 
0.65 8.6 0.16 30.2 8.5 71.2 
0.65 8.6 0.16 30.2 8.5 71.2 
0.65 8.6 0.16 30.2 8.5 71.2 
0.65 8.59 0.16 30.2 8.5 71.2 
0.65 8.59 0.16 30.2 8.5 71.2 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0.65 8.59 0.16 30.2 8.5 71.2 
0.7 8.59 0.16 22.3 8.5 74.8 
0.7 8.59 0.16 22.3 8.5 74.8 
0.7 8.59 0.16 22.3 8.5 74.8 
0.7 8.59 0.16 22.3 8.51 74.8 
0.7 8.59 0.16 22.3 8.51 74.8 
0.7 8.59 0.16 22.3 8.51 74.8 
0.7 8.59 0.16 22.3 8.51 74.8 
0.7 8.59 0.16 22.3 8.51 74.8 
0.7 8.59 0.16 22.3 8.51 74.8 
0.7 8.59 0.16 22.3 8.51 74.8 
0.7 8.59 0.16 22.3 8.51 74.8 
0.7 8.59 0.16 22.3 8.51 74.8 
0.7 8.59 0.16 22.3 8.51 74.8 
0.7 8.59 0.16 22.3 8.51 74.8 
0.7 8.59 0.16 22.3 8.51 74.8 
0.7 8.59 0.16 22.3 8.51 74.8 
0.7 8.68 0.16 22.3 8.51 74.8 
0.7 13.49 0.16 22.3 8.51 74.8 
0.7 13.45 0.16 22.3 8.51 74.8 
0.7 13.45 0.09 22.3 8.51 74.8 
0 13.45 0.17 47.6 8.51 39 
0 13.45 0.17 47.6 8.51 39 
0 13.45 0.17 47.6 8.51 39 
0 13.45 0.17 47.6 7.74 39 
0 13.45 0.17 47.6 7.74 39 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 13.41 0.17 47.6 7.74 39 
0 13.41 0.17 47.6 7.74 39 
0 13.41 0.17 47.6 7.74 39 
0 13.41 0.17 47.6 7.74 39 
0 13.41 0.17 47.6 7.74 39 
0 13.41 0.17 47.6 7.74 39 
0 13.41 0.17 47.6 7.74 39 
0 13.41 0.17 47.6 7.74 39 
0 13.41 0.17 47.6 7.74 39 
0 13.41 0.17 47.6 7.74 39 
0 13.41 0.17 47.6 7.74 39 
0 13.41 0.17 47.6 7.74 39 
0 13.69 0.17 47.6 7.74 39 
0 13.69 0.17 47.6 7.74 39 
0 13.69 0.17 47.6 7.74 39 
0 13.69 0.17 34.7 7.74 188.6 
0 13.69 0.17 34.7 7.74 188.6 
0 13.69 0.17 34.7 7.74 188.6 
0 13.69 0.17 34.7 7.73 188.6 
0 13.69 0.17 34.7 7.73 188.6 
0 13.69 0.17 34.7 7.73 188.6 
0 13.69 0.17 34.7 7.73 188.6 
0 13.69 0.17 34.7 7.73 188.6 
0 13.69 0.17 34.7 7.73 188.6 
0 13.69 0.17 34.7 7.73 188.6 
0 13.69 0.17 34.7 7.73 188.6 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 13.69 0.17 34.7 7.73 188.6 
0 13.69 0.17 34.7 7.73 188.6 
0 13.69 0.17 34.7 7.73 188.6 
0 13.69 0.17 34.7 7.73 188.6 
0 13.9 0.17 34.7 7.73 188.6 
0 13.91 0.17 34.7 7.73 188.6 
0 19.32 0.17 34.7 7.73 188.6 
0.37 19.32 0.2 34.7 7.73 204.1 
0.37 19.32 0.2 20.1 7.73 213.2 
0 19.32 0.36 73 7.73 70.2 
0 19.32 0.36 73 7.74 70.2 
0 19.32 0.36 73 7.74 70.2 
0 19.32 0.36 73 7.68 70.2 
0 19.32 0.36 73 7.68 70.2 
0 19.32 0.36 73 7.68 70.2 
0 19.32 0.36 73 7.68 70.2 
0 19.32 0.36 73 7.68 70.2 
0 19.32 0.36 73 7.68 70.2 
0 19.32 0.36 73 7.68 70.2 
0 19.32 0.36 73 7.68 70.2 
0 19.32 0.36 73 7.68 70.2 
0 19.32 0.36 73 7.68 70.2 
0 19.32 0.36 73 7.68 70.2 
0 19.32 0.36 73 7.68 70.2 
0 19.32 0.36 73 7.68 70.2 
0 19.24 0.36 73 7.68 70.2 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 19.08 0.36 73 7.68 70.2 
0 19.08 0.36 73 7.68 70.2 
0 19.08 0.36 73 7.68 70.2 
0 19.08 10.7 80.3 7.68 59.2 
0 19.08 10.7 80.3 7.68 59.2 
0 19.08 10.7 80.3 7.68 59.2 
0 19.08 10.7 80.3 7.77 59.2 
0 19.08 10.7 80.3 7.77 59.2 
0 19.08 10.7 80.3 7.77 59.2 
0 19.08 10.7 80.3 7.77 59.2 
0 19.08 10.7 80.3 7.77 59.2 
0 19.08 8.92 80.3 7.77 59.2 
0 19.08 8.92 80.3 7.77 59.2 
0 19.08 8.92 80.3 7.77 59.2 
0 19.08 8.92 80.3 7.77 59.2 
0 19.08 8.92 80.3 7.77 59.2 
0 19.08 8.92 80.3 7.77 59.2 
0 19.08 8.92 80.3 7.77 59.2 
0 19.08 8.92 80.3 7.77 59.2 
0 19.08 8.92 80.3 7.77 59.2 
0 22.09 8.92 80.3 7.77 59.2 
0 22.1 8.92 80.3 7.77 59.2 
0 22.1 8.92 80.3 7.77 59.2 
0 22.1 0.16 121.3 7.77 80.8 
0 22.1 0.16 123.6 7.77 95.7 
0 22.1 0.16 123.6 7.77 95.7 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
Loren Hull 
School of Natural Sciences, College of Health and Science 
The University of Western Sydney 
2015 
 
467 
 
Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 22.1 0.16 123.6 7.79 95.7 
0 17.41 0.16 123.6 7.79 95.7 
0 17.41 0.16 123.6 7.79 95.7 
0 17.41 0.16 123.6 7.79 95.7 
0 17.41 0.21 12.8 7.79 65.5 
0 17.41 0.18 12.7 7.79 78.4 
0 17.41 0.18 12.7 7.79 78.4 
0 17.41 0.18 12.7 7.53 78.4 
0 17.41 0.18 12.7 7.53 78.4 
0 17.41 0.18 12.7 7.53 78.4 
0 17.41 0.18 12.7 7.53 78.4 
0 17.41 0.18 12.7 7.53 78.4 
0 17.41 0.21 11.9 7.53 97.7 
0 17.41 0.18 11.8 7.53 97 
0 17.41 0.18 11.8 7.53 97 
0 17.41 0.18 11.8 7.53 97 
0 17.41 0.18 11.8 7.53 97 
0 17.41 0.18 11.8 7.53 97 
0 17.41 0.18 11.8 7.53 97 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 17.41 0.18 11.8 7.53 97 
0 17.41 0.18 11.8 7.53 97 
0 17.95 0.18 11.8 7.53 97 
0 17.95 0.18 11.8 7.53 97 
0 17.95 0.18 11.8 7.53 97 
0 17.95 0.18 13.3 7.53 533.3 
0 17.95 0.18 13.3 7.53 533.3 
0 17.95 0.18 13.3 7.53 533.3 
0 17.94 0.18 13.3 7.52 533.3 
0 17.94 0.18 13.3 7.52 533.3 
0 17.94 0.18 13.3 7.52 533.3 
0 17.94 0.18 13.3 7.52 533.3 
0 17.94 0.18 13.3 7.52 533.3 
0 17.94 0.18 13.3 7.52 533.3 
0 17.94 0.18 13.3 7.52 533.3 
0 17.94 0.18 13.3 7.52 533.3 
0 17.94 0.18 13.3 7.52 533.3 
0 17.94 0.18 13.3 7.52 533.3 
0 17.94 0.18 13.3 7.52 533.3 
0 17.94 0.18 13.3 7.52 533.3 
0 17.94 0.18 13.3 7.52 533.3 
0 17.92 0.18 13.3 7.52 533.3 
0 16.24 0.18 13.3 7.52 533.3 
0 16.25 0.18 13.3 7.52 533.3 
0 16.26 0.18 13.3 7.52 533.3 
0 16.26 0.16 8.6 7.52 166.7 
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0 16.26 0.16 8.4 7.52 249.8 
0 16.26 0.16 8 7.52 248 
0 16.26 0.16 8 7.14 248 
0 16.26 0.16 8 7.14 248 
0 16.26 0.16 8 7.14 248 
0 16.26 0.16 8 7.14 248 
0 16.26 0.16 8 7.14 248 
0 16.26 0.16 8 7.14 248 
0 16.26 0.16 8 7.14 248 
0 16.26 0.16 8 7.14 248 
0 16.26 0.16 8 7.14 248 
0 16.26 0.16 8 7.14 248 
0 16.26 0.16 8 7.14 248 
0 16.26 0.16 8 7.14 248 
0 16.26 0.16 8 7.14 248 
0 16.27 0.16 8 7.14 248 
0 15.55 0.16 8 7.14 248 
0 15.56 0.16 8 7.14 248 
0 15.56 0.16 7.5 7.14 251.6 
0 15.56 0.22 15.2 7.14 -0.2 
0 15.56 0.22 14 7.14 -0.2 
0 15.56 0.22 14 7.14 -0.2 
0 15.56 0.22 14 7.16 -0.2 
0 15.56 0.22 14 7.16 -0.2 
0 15.56 0.22 14 7.16 -0.2 
0 15.56 0.22 14 7.16 -0.2 
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0 15.56 0.22 14 7.16 -0.2 
0 15.56 0.22 14 7.16 -0.2 
0 15.56 0.22 14 7.16 -0.2 
0 15.56 0.22 14 7.16 -0.2 
0 15.56 0.22 14 7.16 -0.2 
0 15.56 0.22 14 7.16 -0.2 
0 15.56 0.22 14 7.16 -0.2 
0 15.56 0.22 14 7.16 -0.2 
0 15.56 0.22 14 7.16 -0.2 
0 15.56 0.22 14 7.16 -0.2 
0 20.91 0.22 14 7.16 -0.2 
0 20.94 0.22 14 7.16 -0.2 
0 20.94 0.22 14 7.16 -0.2 
0 20.94 0.07 45.1 7.16 26 
0 20.94 0.07 55.4 7.16 33.7 
0 20.94 0.07 55.4 7.16 33.7 
0 20.94 0.07 55.4 7.9 33.7 
0 20.94 0.07 55.4 7.9 33.7 
0 20.94 0.07 55.4 7.9 33.7 
0 20.94 0.07 55.4 7.9 33.7 
0 20.94 0.07 55.4 7.9 33.7 
0 20.94 0.07 55.4 7.9 33.7 
0 20.94 0.07 55.4 7.9 33.7 
0 20.94 0.07 55.4 7.9 33.7 
0 20.94 0.07 55.4 7.9 33.7 
0 20.94 0.07 55.4 7.9 33.7 
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0 20.94 0.07 55.4 7.9 33.7 
0 20.94 0.07 55.4 7.9 33.7 
0 20.94 0.07 55.4 7.9 33.7 
0 20.94 0.07 55.4 7.9 33.7 
0 20.68 0.07 55.4 7.9 33.7 
0 20.68 0.07 55.4 7.9 33.7 
0 20.68 0.07 55.4 7.9 33.7 
0 20.68 0.07 57.1 7.9 8.6 
0 20.68 0.07 57.1 7.9 8.6 
0 20.68 0.07 57.1 7.9 8.6 
0 20.68 0.07 57.1 7.89 8.6 
0 20.68 0.07 57.1 7.89 8.6 
0 20.68 0.07 57.1 7.89 8.6 
0 20.68 0.07 57.1 7.89 8.6 
0 20.68 0.07 57.1 7.89 8.6 
0 20.68 0.07 57.1 7.89 8.6 
0 20.68 0.07 57.1 7.89 8.6 
0 20.68 0.07 57.1 7.89 8.6 
0 20.68 0.07 57.1 7.89 8.6 
0 20.68 0.07 57.1 7.89 8.6 
0 20.68 0.07 57.1 7.89 8.6 
0 20.68 0.07 57.1 7.89 8.6 
0 20.68 0.07 57.1 7.89 8.6 
0 20.68 0.07 57.1 7.89 8.6 
0 24.09 0.07 57.1 7.89 8.6 
0 24.09 0.07 57.1 7.89 8.6 
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0 24.09 0.07 57.1 7.89 8.6 
0 24.09 0.37 36.6 7.89 -0.2 
0 24.09 0.37 36.6 7.89 -0.2 
0 24.09 0.37 36.6 7.89 -0.2 
0 24.09 0.37 36.6 7.22 -0.2 
0 24.09 0.37 36.6 7.22 -0.2 
0 24.09 0.37 36.6 7.22 -0.2 
0 24.09 0.37 36.6 7.22 -0.2 
0 24.09 0.37 36.6 7.22 -0.2 
0 24.09 0.37 36.6 7.22 -0.2 
0 24.09 0.37 36.6 7.22 -0.2 
0 24.09 0.37 36.6 7.22 -0.2 
0 24.09 0.37 36.6 7.22 -0.2 
0 24.09 0.37 36.6 7.22 -0.2 
0 24.09 0.37 36.6 7.22 -0.2 
0 24.09 0.37 36.6 7.22 -0.2 
0 24.09 0.37 36.6 7.22 -0.2 
0 24.09 0.37 36.6 7.22 -0.2 
0 23.98 0.37 36.6 7.22 -0.2 
0 23.98 0.37 36.6 7.22 -0.2 
0 23.99 0.37 36.6 7.22 -0.2 
0 23.99 8.61 34.8 7.22 20 
0 23.99 8.61 34.8 7.22 20 
0 23.99 9.65 29.7 7.22 21.3 
0 23.99 9.65 29.7 7.25 21.3 
0 23.99 9.65 29.7 7.25 21.3 
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0 23.99 9.65 29.7 7.25 21.3 
0 23.99 9.65 29.7 7.25 21.3 
0 23.99 9.65 29.7 7.25 21.3 
0 23.99 9.65 29.7 7.25 21.3 
0 23.99 9.65 29.7 7.25 21.3 
0 23.99 9.65 29.7 7.25 21.3 
0 23.99 9.65 29.7 7.25 21.3 
0 23.99 9.65 29.7 7.25 21.3 
0 23.99 9.65 29.7 7.25 21.3 
0 23.99 9.65 29.7 7.25 21.3 
0 23.99 9.65 29.7 7.25 21.3 
0 23.99 9.65 29.7 7.25 21.3 
0 22.59 9.65 29.7 7.25 21.3 
0 22.64 9.65 29.7 7.25 21.3 
0 22.64 9.65 29.7 7.25 21.3 
0 22.64 0.13 31.8 7.25 359.6 
0 22.64 0.13 30.3 7.25 377.1 
0 22.64 0.13 30.3 7.25 377.1 
0 22.64 0.13 30.3 7.98 377.1 
0 22.64 0.13 30.3 7.98 377.1 
0 22.64 0.13 30.3 7.98 377.1 
0 22.64 0.13 30.3 7.98 377.1 
0 22.64 0.13 30.3 7.98 377.1 
0 22.64 0.13 30.3 7.98 377.1 
0 22.64 0.13 30.3 7.98 377.1 
0 22.64 0.13 30.3 7.98 377.1 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 22.64 0.13 30.3 7.98 377.1 
0 22.64 0.13 30.3 7.98 377.1 
0 22.64 0.13 30.3 7.98 377.1 
0 22.64 0.13 30.3 7.98 377.1 
0 22.64 0.13 30.3 7.98 377.1 
0 22.64 0.13 30.3 7.98 377.1 
0 23.15 0.13 30.3 7.98 377.1 
0 23.15 0.13 30.3 7.98 377.1 
0 23.15 0.13 30.3 7.98 377.1 
0 23.15 0.13 58.2 7.98 423.9 
0 23.15 0.13 58.2 7.98 423.9 
0 23.15 0.13 58.2 7.98 423.9 
0 23.15 0.13 58.2 7.99 423.9 
0 23.15 0.13 58.2 7.99 423.9 
0 23.15 0.13 58.2 7.99 423.9 
0 23.15 0.13 58.2 7.99 423.9 
0 23.15 0.13 58.2 7.99 423.9 
0 23.15 0.13 58.2 7.99 423.9 
0 23.15 0.13 58.2 7.99 423.9 
0 23.15 0.13 58.2 7.99 423.9 
0 23.15 0.13 58.2 7.99 423.9 
0 23.15 0.13 58.2 7.99 423.9 
0 23.15 0.13 58.2 7.99 423.9 
0 23.15 0.13 58.2 7.99 423.9 
0 23.15 0.13 58.2 7.99 423.9 
0 23.15 0.13 58.2 7.99 423.9 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 25.26 0.13 58.2 7.99 423.9 
0 25.26 0.13 58.2 7.99 423.9 
0 25.26 0.13 58.2 7.99 423.9 
0 25.26 0.22 43.3 7.99 25.2 
0 25.26 0.22 43.3 7.99 25.2 
0 25.26 0.22 43.3 7.99 25.2 
0 25.26 0.22 43.3 8.11 25.2 
0 25.26 0.22 43.3 8.11 25.2 
0 25.26 0.22 43.3 8.11 25.2 
0 25.26 0.22 43.3 8.11 25.2 
0 25.2 0.22 43.3 8.11 25.2 
0 25.2 0.22 43.3 8.11 25.2 
0 25.2 0.22 43.3 8.11 25.2 
0 25.2 0.22 44.9 8.11 37.7 
0 25.2 0.22 44.9 8.11 37.7 
0 25.2 0.22 44.9 8.11 37.7 
0 25.2 0.22 44.9 8.13 37.7 
0 25.2 0.22 44.9 8.13 37.7 
0 25.2 0.22 44.9 8.13 37.7 
0 25.2 0.22 44.9 8.13 37.7 
0 25.5 0.22 44.9 8.13 37.7 
0 25.5 0.22 44.9 8.13 37.7 
0 25.5 0.22 44.9 8.13 40.2 
0 25.5 0.26 70 8.13 -0.1 
0 25.5 0.26 70 8.13 -0.1 
0 25.5 0.26 70 8.13 -0.1 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 25.5 0.26 70 8.1 -0.1 
0 25.5 0.26 70 8.1 -0.1 
0 25.5 0.26 70 8.1 -0.1 
0 25.5 0.26 70 8.1 -0.1 
0 25.5 0.26 70 8.1 -0.1 
0 25.5 0.26 70 8.1 -0.1 
0 25.5 0.26 70 8.1 -0.1 
0 25.5 0.26 70 8.1 -0.1 
0 25.5 0.26 70 8.1 -0.1 
0 25.5 0.26 70 8.1 -0.1 
0 25.5 0.26 70 8.1 -0.1 
0 25.5 0.26 70 8.1 -0.1 
0 25.5 0.26 70 8.1 -0.1 
0 25.59 0.26 70 8.1 -0.1 
0 25.47 0.26 70 8.1 -0.1 
0 25.47 0.26 70 8.1 -0.1 
0 25.47 0.24 58.5 8.1 0 
0 25.47 0.33 52.2 8.1 16.6 
0 25.47 0.33 52.2 8.1 16.6 
0 25.47 0.33 52.2 8.12 16.6 
0 25.47 0.33 52.2 7.43 16.6 
0 25.47 0.33 52.2 7.43 16.6 
0 25.47 0.33 52.2 7.43 16.6 
0 25.47 0.33 52.2 7.43 16.6 
0 25.47 0.33 52.2 7.43 16.6 
0 25.47 0.33 52.2 7.43 16.6 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 25.47 0.33 52.2 7.43 16.6 
0 25.47 0.33 52.2 7.43 16.6 
0 25.47 0.33 52.2 7.43 16.6 
0 25.47 0.33 52.2 7.43 16.6 
0 25.47 0.33 52.2 7.43 16.6 
0 25.47 0.33 52.2 7.43 16.6 
0 25.47 0.33 52.2 7.43 16.6 
0 24.73 0.33 52.2 7.43 16.6 
0 24.04 0.33 52.2 7.43 16.6 
0 24.04 0.33 52.2 7.43 16.6 
0 24.04 0.29 52.2 7.43 16.6 
0 24.04 0.3 49.6 7.43 11.2 
0 24.04 0.3 49.6 7.43 11.2 
0 24.04 0.3 49.6 7.43 11.2 
0 24.04 0.3 49.6 7.51 11.2 
0 24.04 0.3 49.6 7.51 11.2 
0 24.04 0.3 49.6 7.51 11.2 
0 24.04 0.3 49.6 7.51 11.2 
0 24.04 0.3 49.6 7.51 11.2 
0 24.04 0.3 49.6 7.51 11.2 
0 24.04 0.3 49.6 7.51 11.2 
0 24.04 0.3 49.6 7.51 11.2 
0 24.04 0.3 49.6 7.51 11.2 
0 24.04 0.3 49.6 7.51 11.2 
0 24.04 0.3 49.6 7.51 11.2 
0 24.04 0.3 49.6 7.51 11.2 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 24.04 0.3 49.6 7.51 11.2 
0 24.04 0.3 49.6 7.51 11.2 
0 23.62 0.3 49.6 7.51 11.2 
0 23.62 0.3 49.6 7.51 11.2 
0 23.62 0.3 49.6 7.51 11.2 
0 23.62 0.3 21.6 7.51 9.7 
0 23.62 0.3 21.5 7.51 12.1 
0 23.62 0.3 21.5 7.51 12.1 
0 23.62 0.3 21.5 10.67 12.1 
0 23.62 0.3 21.5 10.63 12.1 
0 23.62 0.3 21.5 10.63 12.1 
0 23.62 0.3 21.5 10.63 12.1 
0 23.62 0.3 21.5 10.63 12.1 
0 21.72 0.3 21.5 10.63 12.1 
0 21.72 0.3 21.5 10.63 12.1 
0 21.7 0.3 21.5 10.63 12.1 
0 21.7 0.06 11.9 10.63 27 
0 21.7 0.06 11.9 10.63 27 
0 21.7 0.06 11.7 10.63 36.3 
0 21.7 0.06 11.7 7.47 36.3 
0 21.7 0.06 11.7 7.47 36.3 
0 21.7 0.06 11.7 7.47 36.3 
0 21.7 0.06 11.7 7.47 36.3 
0 21.7 0.06 11.7 7.47 36.3 
0 21.7 0.06 11.7 7.47 36.3 
0 21.7 0.06 11.7 7.47 36.3 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 21.7 0.06 11.7 7.47 36.3 
0 21.7 0.06 11.7 7.47 36.3 
0 21.7 0.06 11.7 7.47 36.3 
0 21.7 0.06 11.7 7.47 36.3 
0 21.7 0.06 11.7 7.47 36.3 
0 21.7 0.06 11.7 7.47 36.3 
0 21.76 0.06 11.7 7.47 36.3 
0 21.25 0.06 11.7 7.47 36.3 
0 21.25 0.06 11.7 7.47 36.3 
0 21.25 0.06 11.7 7.47 36.3 
0 21.25 0.06 30.5 7.47 82.4 
0 21.25 0.06 30.5 7.47 82.4 
0 21.25 0.06 30.5 7.47 82.4 
0 21.25 0.06 30.5 7.48 82.4 
0 21.25 0.06 30.5 7.48 82.4 
0 21.25 0.06 30.5 7.48 82.4 
0 21.25 0.06 30.5 7.48 82.4 
0 21.25 0.06 30.5 7.48 82.4 
0 21.25 0.06 30.5 7.48 82.4 
0 21.25 0.06 30.5 7.48 82.4 
0 21.25 0.06 30.5 7.48 82.4 
0 21.25 0.06 30.5 7.48 82.4 
0 21.25 0.06 30.5 7.48 82.4 
0 21.25 0.06 30.5 7.48 82.4 
0 21.25 0.06 30.5 7.48 82.4 
0 21.25 0.06 30.5 7.48 82.4 
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Depth Temperature Salinity Dissolved oxygen pH Turbidity 
0 21.25 0.06 30.5 7.48 82.4 
0 21.12 0.06 30.5 7.48 82.4 
0 22.68 0.06 30.5 7.48 82.4 
0 22.66 0.06 30.5 7.48 82.4 
0 22.66 0.07 14.9 7.48 87.6 
0 22.66 0.06 16.7 7.48 6.3 
0 22.66 0.06 14 7.48 9 
0 22.66 0.06 14 7.49 9 
0 22.66 0.06 14 7.61 9 
0 22.66 0.06 14 7.62 9 
0 22.66 0.06 14 7.62 9 
0 22.66 0.06 14 7.62 9 
0 22.66 0.06 14 7.62 9 
 
 
 
 
 
 
 
 
 
 
 
 
